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(57) A flange portion (80) is provided to at least a 
part of the periphery at the center position in the direc- 
tion of the optical axis of a lens (L3). The lens (L3) is 
held with clamping members (52a, 52b r and 52c) and a 
lens holding metallic part (25), with the flange portion 
(80) pressed by the clamping members (52a, 52b, and 
52c). The portion where the flange portion (80) is pro- 
vided, suffers no compressive strain and tensile strain 
due to the bending of the lens (L3), and is a part of the 
periphery of a neutral plane, which is the farthest plane 
from the optical surface of the lens (L3). Therefore, the 
influence of the clamping force on the flange portion (80) 
acting on other portions of the lens (L3) is reduced to 
the utmost, and the deformation of the optical surface 
due to the force acting on the flange portion (80) is re- 
duced to a minimum. As a result, the deterioration of the 
optical properties of the lens can be suppressed to the 
utmost. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a method and 
a device for holding an optical member, an optical de- 
vice, an exposure apparatus, and a device manufactur- 
ing method, and more particularly, it relates to a method 
and a device for holding an optical member that holds 
an optical member such as a lens having a flange por- 
tion on the periphery portion, an optical device having a 
plurality of the optical members within its barrel, an ex- 
posure apparatus comprising the optical device as its 
optical system, and a device manufacturing method us- 
ing the exposure apparatus. 

BACKGROUND ART 

[0002] Conventionally, various exposure apparatus 
have been used in a lithographic process for producing 
devices such as semiconductor devices. In recent 
years, for example, projection exposure apparatus such 
as reduction projection exposure apparatus (so-called 
steppers) that reduce and transfer a pattern formed on 
a mask (also referred to as a reticle) proportionally en- 
larged around four to five times onto a substrate subject 
to exposure such as a wafer via a projection optical sys- 
tem based on a step-and-repeat method, or scanning 
projection exposure apparatus (so-called scanning 
steppers) that are an improvement of the steppers 
based on a step-and-scan method, are mainly used for 
producing semiconductor devices. 
[0003] With these exposure apparatus, exposure 
wavelength has shifted to a shorter range in order to 
cope with finer integrated circuits and to achieve high 
resolution. Recently, the exposure apparatus using the 
ArF excimer laser which wavelength is 1 93nm is in prac- 
tical use, and exposure apparatus that use shorter 
wavelength such as the F 2 laser beam (wavelength: 
157nm) orthe Ar2 laser beam (wavelength: 126nm) are 
also being developed. 

[0004] Beams in the wavelength range called the vac- 
uum ultraviolet that belong to the band 200nm - 1 20nm, 
such as the ArF excimer laser beam, the F 2 laser beam, 
or the Ar 2 laser beam, have low transmittance to optical 
glass. Therefore, glass materials that can be used are 
limited to f luorite, magnesium fluoride, or fluoride crystal 
such as lithium fluoride. In addition, since these beams 
are greatly absorbed by gases such as oxygen, water 
vapor, and hydrocarbon gas (hereinafter referred to as 
"adsorptive gas") , it is necessary to replace gases ex- 
isting on optical paths of exposure beams with gases 
which absorption of vacuum ultraviolet beams is low, 
that is, inert gas such as nitrogen or helium (hereinafter 
referred to as "low absorptive gas" as appropriate), so 
as to lower the concentration of the absorptive gases 
existing on the optical paths so that it does not exceed 
several ppm. 



[0005] Therefore, for example, in an exposure appa- 
ratus that uses an ArF excimer laser beam as the expo- 
sure beam, in an optical system that has a relatively long 
optical system such as a projection optical system the 
5 interior is divided into a plurality of spaces, and each 
space is either filled with the low absorptive gas referred 
to above or a flow of the low absorptive gas is created 
in the space at all times. 

[0006] Fig. 1 8 shows an example of a projection op- 
to tical system used in a conventional exposure apparatus. 
A projection optical system PL' shown in Fig. 1 8 com- 
prises a double-structured barrel 350 consisting of an 
outer barrel 351 A and inner barrels 351 B 1 - 351 B 4 , and 
optical member cells C1\ C2\ C3', and C4' arranged 
15 within the barrel 350 at a predetermined interval along 
the AX direction of an optical axis. The optical member 
cells C1 \ C2\ C3', and C4' are fixed on the inner circum- 
ference surface of the inner barrels 351 Bj, 351 Bg, 
351 B3, and 351 B 4 , respectively. 
20 [0007] The optical member cells C1 ', C2\ C3*. and C4' 
comprise lenses L1\ L2', L3', and L4'serving as optical 
members, and lens holding devices for holding the lens- 
es L1 ', L2\ L3\ and L4\ In the space between the adja- 
cent optical member cells, sealed chambers S1\ S2\ 
25 and S3' are formed, respectively. And to each of the 
sealed chambers S1 ', S2\ and S3', gas supplying routes 
330A, 330B, and 330C, and gas exhausting routes 
330D, 330E, and 330F are connected, respectively, for 
example, so as to create a flow of the low absorptive 
30 gas at all times inside the sealed chambers S1\ S2', and 
S3'. 

[0008] Fig. 1 9A shows an enlarged view of an optical 
member cell C3* in Fig. 1 8, while Fig. 19B shows a dis- 
assembled perspective view. As is shown in these draw- 

35 jngs, a flange portion is provided on an outer periphery 
of a lens L3' on its lower half portion. The lens L3* is 
inserted from above into a hollow cylindrical lens holding 
metallic part 325, and the flange portion is supported 
from below at three points with supporting members 

40 322a, 322b, and 322c (supporting member 322c is not 
shown in the drawings) which are arranged projecting 
from the inner circumference surface of the lens holding 
metallic part 325 spaced at an angle of approximately 
120°. In addition, clamps 352a, 352b, and 352c (clamp 

45 352b located in the depth of field of the drawing is not 
shown) are fixed to the lens holding metallic part 325 
with bolts 354a, 354b, and 354c, respectively, on an up- 
per surface of the flange portion at positions corre- 
sponding to the supporting members 322a, 322b, and 

50 322c. So the upper surface of the flange portion is 
pushed downward with the clamps 352a, 352b, and 
352c. 

[0009] That is, the lens L3' is fixed with respect to the 
lens holding metallic part 325 by the flange portion pro- 
55 vided on its outer periphery being clamped with the sup- 
porting members 322a, 322b, and 322c and the clamps 
352a, 352b, and 352c. In this case, the movement of the 
lens L3' is restricted in three degrees of freedom in the 
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optical axis direction by the clamping force of the clamps 
352a, 352b, and 352c, and the movement in the direc- 
tions of the remaining three degrees of freedom is re- 
stricted by the friction between the flange portion and 
the supporting members and the friction between the 
flange portion and the clamps. 
[0010] Further, the reason for employing the structure 
referred to above that require support at three points is 
because the lens, which is the object of support, can 
easily be attached to the lens holding metallic part and 
stresses due to vibration, temperature change, posture 
change, and the like on the lens and the lens holding 
metallic part can be reduced most effectively after the 
lens is attached, as is with the kinematic support mount 
which is a typical three point structure. 
[0011] Incidentally, reference number356 in Rg. 19A 
is a filler in order to prevent gases from flowing between 
the sealed chambers S2' and S3* arranged above and 
below the lens L3' and to also prevent the position of the 
lens L3 from shifting. 

[0012] The other optical member cells CV, C2\ and 
C4* are identically configured with the optical member 
cell C3\ 

[0013] With the conventional lens holding structure 
described above, however, since the flange portion of 
the lens L3' is supported at three points by the support- 
ing members 322a, 322b, and 322c, in other words, the 
lens L3' is not supported at points other than the three 
points, the periphery portion of the lens L3' bends slight- 
ly in a trefoil shape (the portion not supported sags) with 
its own weight making the lens L3' deform asymmetri- 
cally with respect to the optical axis. Furthermore, the 
clamping force acting on the flange portion deforms the 
optical surface of the lens L3' via the flange portion. 
[001 4] So far, such deformation of the lens or the de- 
formation of the optical surface and deterioration in the 
optical performance of the projection optical system 
caused by them has been a trivial matter. Due to higher 
integration of semiconductor devices, however, the per- 
formance of the projection optical system required is al- 
so becoming higher; therefore, the deformation de- 
scribed above can no longer be dismissed. 
[0015] In addition, according to recent studies, when 
the gas inside the barrel of the projection optical system 
is replaced to an inert gas, it was discovered that the 
internal pressure of the barrel increases. And, when, for 
example, the pressure varies within the barrel, especial- 
ly when the pressure differs between the adjacent 
sealed chambers (between rooms SV and S2\ and 
rooms S2' and S3' in the example described above), the 
situation may occur where the lens is pressurized and 
in some cases floats from its setting. 
[0016] In actual, the projection optical system needs 
to withstand disturbance up to 3G in the direction within 
the plane perpendicular to the optical axis (lateral direc- 
tion). So, for example, in order to make the friction force 
3G when the coefficient of static friction u. is u,=0.2, 
clamping force needs to be around 15G. Under such 



conditions, and the lens shaped in a disk 20 mm thick 
with a plurality of diameters using fluorite (CaF 2 ) as its 
raw material, the inventor performed a trial calculation 
on each the downward force, which is the sum of the 

5 clamping force and the gravitational force of the lens it- 
self, and on the upward force caused by the pressure 
difference. And, by comparing both calculations, the in- 
ventor discovered that the lens is dislodged when the 
pressure difference reaches around 10,000 Pa. 

10 [001 7] In addition, with the conventional exposure ap- 
paratus, only the flow rate of the low absorptive gas sup- 
plied to the space within the projection optical system 
was different on initial gas replacement period, such as 
the start-up of the apparatus when gases such as air 

15 exist within the space inside the projection optical sys- 
tem and such internal gases have to be replaced with 
the low absorptive gas, and on gas purity maintenance 
period (steady period) when the purity of the low absorp- 
tive gas within the space needs to be maintained at a 

20 constant level after the initial gas replacement has been 
completed. That is, when gases were initially replaced 
within each inner space of the projection optical system, 
the flow rate of the low absorptive gas was large (for 
example, 50dm 3 /min), and when the gas purity was 

25 maintained the flow rate of the low absorptive gas sup- 
plied to the inner space of the projection optical system 
was decreased compared with the initial gas replace- 
ment. Also, the same gas supplying system was used 
for the initial gas replacement and the gas purity main- 

30 tenance described above. 

[0018] Furthermore, supplying low absorptive gas to 
a plurality of spaces within the projection optical system 
was performed via a gas supplying route, which was 
made by opening vents in the barrel to create a gas sup- 

35 plying route and a gas exhausting route for each space. 
[0019] By performing an experiment using equipment 
modeled on a projection optical system having a con- 
ventional tube-typed barrel, the inventor confirmed that 
the amount of light on the image plane of the projection 

40 optical system decreases with the elapse of time when 
the low absorptive gas is continuously purged into the 
inner space of the projection optical system for many 
hours. From this result, an assumption can be made that 
the transmittance decreased because impurities such 

45 as absorptive gases accumulated in the inner space of 
the projection optical system with the elapse of time, and 
light was absorbed by the impurities along the illumina- 
tion optical path. 

[0020] In addition, with such a purge method of low 
50 absorptive gas into the projection optical system or the 
like, even though the flow rate of the low absorptive gas 
did not have to be as large as the initial gas replacement, 
the purge had to be performed with a certain amount of 
flow of low absorptive gas in order to secure a sufficient 
55 purge performance. Therefore, when expensive gases 
such as helium were used as the low absorptive gas, 
the running cost turned out to be expensive. 
[0021] Furthermore, in the case of using light which 
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wavelength is shorter than the F 2 laser beam (wave- 
length: 157nm) as the illumination light for exposure, it 
is more likely that a reflection refraction system will be 
employed due to problems such as glass material or 
color aberration. Normally, when such a projection opti- 
cal system is employed, the barrel of the projection op- 
tical system is different from that of a refraction optical 
system and has a barrel portion that extends in the di- 
rection intersecting the gravitational direction in addition 
to a barrel portion that extends in the gravitational direc- 
tion. In such a case, gas flow in the inner space of the 
barrel portion extending in the direction intersecting the 
gravitational direction may become sluggish and gas 
may collect within the inner space of the barrel portion. 
[0022] The present invention has been made in con- 
sideration of the situation described above, and has as 
its first object to provide a method and a device for hold- 
ing an optical member that are capable of suppressing 
deformation of an optical member and deterioration of 
its optical performance to the utmost. 
[0023] It is the second object of the present invention 
to provide an optical device that is capable of maintain- 
ing good optical performance. 
[0024] It is the third object of the present invention to 
provide an exposure apparatus capable of performing 
exposure with high precision. 
[0025] And, it is the forth object of the present inven- 
tion to provide a device manufacturing method that can 
improve the productivity when producing highly integrat- 
ed microdevices. 

DISCLOSURE OF INVENTION 

[0026] According to the first aspect of the present in- 
vention, there is provided a method for holding an optical 
member, the method holding the optical member via a 
flange portion provided on at least a part of a periphery 
portion close to a neutral plane position of the optical 
member. 

[0027] With this method, the optical member is held 
via a flange portion provided on at least a part of a pe- 
riphery portion close to a neutral plane position of the 
optical plane where it is free of compressive strain and 
tensile strain caused by the bending of the optical mem- 
bers. Therefore, the effect the holding force acting on 
the flange portion has on other portions of the optical 
member is suppressed to the utmost. In addition, since 
the neutral plane is a plane farthest from the optical sur- 
face of the optical member, the deformation of the opti- 
cal surface due to the force acting on the flange portion 
is reduced to the minimum. Accordingly, it becomes pos- 
sible to suppress the deformation of the optical surface 
of the optical member and deterioration in the optical 
properties due to the deformation to the utmost. 
[0028] In this case, a plurality of points on a surface 
on both sides in an optical axis direction of the optical 
member in the flange portion can be clamped with a pre- 
determined force. 



[0029] In this case, the plurality of points can be three 
points that correspond to each vertex position of a trian- 
gle. 

[0030] According to the second aspect of the present 
5 invention, there is provided a holding device which holds 
an optical member, the holding device for the optical 
member comprising: a holding member which one end 
portion in an optical axis direction of the optical member 
is insertable and supports a surface of a flange portion 
10 on one side in the optical axis direction in an inserted 
state, the flange portion provided on at least a part of a 
periphery portion at a center position in the optical axis 
direction of the optical member; and a clamping member 
which clamps the flange portion with the holding mem- 
15 ber by pressurizing a surface on a remaining side in the 
optical axis direction of the flange portion with a prede- 
termined pressure. 

[0031] With the conventional lens supporting struc- 
ture previously described as a premise, according to the 

20 simulation results regarding the deformation of the op- 
tical surface of the lens (lens surface) repeatedly per- 
formed by the inventor, it has been confirmed that even 
with the same supporting structure the deformation of 
the optical surface differs depending on the thickness 

25 and the position of the flange portion, and that the de- 
formation of the optical surface is minimized when the 
position of the flange portion is at the center position in 
the optical axis direction. 

[0032] Therefore, with the present invention where 

30 the flange portion is arranged on at least a part of a pe- 
riphery portion at a center position in the optical axis di- 
rection of the optical member, and the flange portion is 
clamped with the clamp and the holding member in a 
state where the flange portion is pressurized by the 

35 clamp, it becomes possible to suppress the deformation 
of the optical surface and the deterioration in the optical 
properties due to the deformation to the utmost. The fol- 
lowing reasons can be considered for this case; that the 
position where the flange portion is arranged is on the 

40 periphery portion of a neutral plane where it is free of 
compressive strain and tensile strain caused by the 
bending of the optical members so that the effect the 
holding force acting on the flange portion has on other 
portions of the optical member is suppressed to the ut- 

45 most, and that since the neutral plane is a plane farthest 
from the optical surface of the optical member, the de- 
formation of the optical surface due to the force acting 
on the flange portion is reduced to the minimum. 
[0033] Accordingly, the deformation occurring on the 

so optical surface, which is the edge surfaces on both sides 
of the optical member in the optical axis direction, is re- 
duced to a level that can be neglected, thus, it becomes 
possible to suppress the deterioration in the optical 
properties to the utmost. 

55 [0034] In this case, the flange portion may be around 
5mm thick in the optical axis direction, or the flange por- 
tion may have a thickness around 1/10 to 2/3 times as 
that of the peripheral edge of the portion other than the 
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flange portion. When the thickness of the flange portion 
is thin, the effect the holding force acting on the flange 
portion has on other portions of the optical member can 
be suppressed, however, when it is too thin, the 
processing becomes difficult and also the optical mem- 
ber will not be able to support its own weight. And based 
on the results of simulations or the like performed by the 
inventor, with consideration of the status quo of the 
processing technology, it has been confirmed that both 
the manufacturing possibility of the optical member and 
the suppression of its deformation can be sufficiently 
satisfied when the thickness of the flange portion in the 
optical axis direction is around 5mm, or around 1/10 to 
2/3 times the thickness of the peripheral edge of the por- 
tion other than the flange portion (the distance between 
the periphery edge on one side of the optical axis direc- 
tion and the periphery edge on the other side of the op- 
tical axis direction). 

[0035] According to the third aspect of the present in- 
vention, there is provided a first optical device, the de- 
vice comprising: a barrel; a plurality of optical members 
arranged within the barrel in a predetermined positional 
relationship; and a holding device which holds a specific 
optical member via a flange portion provided on at least 
a part of a periphery portion close to a neutral plane po- 
sition of the specific optical member, the specific optical 
member a part of the plurality of optical members. 
[0036] With this optical device, it comprises a holding 
device, which holds at least a specific optical member 
among a plurality of optical members via a flange portion 
provided on at least a part of a periphery portion close 
to a neutral plane position of the specific optical mem- 
ber. Accordingly, the deformation (of the optical surface) 
of the specific optical member as well as the deteriora- 
tion in the optical properties that occur with the elapse 
of time are effectively suppressed, and as a conse- 
quence, it becomes possible to maintain favorable op- 
tical properties (including image forming characteristics) 
for a long period of time. 

[0037] In this case, the specific optical member can 
have the flange portion provided on at least a part of a 
periphery portion at a center position in an optical axis 
direction of the specific optical member, and the holding 
device can have a holding member which one end por- 
tion in an optical axis direction of the optical member is 
insertable and supports a surface of the flange portion 
on one side in the optical axis direction in an inserted 
state, and a clamping member which clamps the flange 
portion with the holding member by pressurizing a sur- 
face on a remaining side in the optical axis direction of 
the flange portion with a predetermined pressure. 
[0038] According to the fourth aspect of the present 
invention, there is provided a second optical device, the 
device comprising: a barrel; a plurality of optical mem- 
bers each held in the barrel and form a plurality of sealed 
spaces within the barrel; a gas supply unit which sup- 
plies a specific gas into each of the sealed spaces; and 
a control system which controls specific gas environ- 



ments in each of the sealed spaces to keep pressure 
difference from occurring in adjacent sealed spaces. 
[0039] With this optical device, the gas supply unit 
supplies the specific gas into each of the plurality of 

5 sealed spaces formed by the barrel and the plurality of 
optical members. And upon this operation, the control 
system controls the specific gas environment so that 
pressure difference does not occur in adjacent sealed 
spaces. This allows the specific gas environment to be 

io maintained without putting unnecessary pressure on the 
optical members. Therefore, the optical members can 
be kept from floating from their settings by the pressure 
difference and can be stably held, and damage, defor- 
mation, or the like can be effectively suppressed. This 

15 makes it possible to maintain favorable optical proper- 
ties (including image forming characteristics) of the op- 
tical device. The sealed structure, in this case, may be 
a completely sealed structure totally cutting off outside 
gases, or if impurities in the outside gases do not enter 

20 the sealed space, it may be a sealed structure almost 
all sealed that can be maintained with a predetermined 
pressure. 

[0040] In this case, as the control system that controls 
the specific gas environment, various structures can be 

25 considered. For example, the control system may in- 
clude pressure sensors which measure pressure in 
each of the sealed spaces, and a flow amount control 
unit which controls the flow of the specific gas supplied 
into each of the sealed spaces from the gas supply unit 

30 based on measurement results of the pressure sensors, 
or, the control system may include a pressure adjust- 
ment unit which adjusts the internal pressure to keep 
pressure difference in adjacent sealed spaces from oc- 
curring in both of the adjacent sealed spaces. 

35 [0041] In this case, various pressure adjustment units 
may be considered. For example, the pressure adjust- 
ment unit can be a pressure adjustment valve arranged 
on the partition wall of the adjacent sealed spaces, or 
the pressure adjustment unit can be a diaphragm ar- 

40 ranged on the partition wall of the adjacent sealed spac- 
es. In the former case, when pressure difference occurs 
in the adjacent seated spaces, the specific gas flows 
from the sealed space where the pressure is high to the 
sealed space where the pressure is low via the pressure 

45 adjustment valve, thus automatically reducing the pres- 
sure difference in the adjacent sealed spaces to almost 
zero without any complicated controls. Also, in the latter 
case, when pressure difference occurs in the adjacent 
sealed spaces, due to the flexibility of the diaphragm ar- 

50 ranged on the partition wall deforms in the direction so 
that the volume of the sealed space where the pressure 
is high increases and the volume of the sealed space 
where the pressure is low decreases . As a result, the 
pressure difference in the adjacent sealed spaces is au- 

55 tomatically reduced or dissolved, without any complicat- 
ed controls. 

[0042] With the second optical device in the present 
invention, the specific gas can be a gas with permeabil- 
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fty to an energy beam, and at least a part of a supply 
opening of the gas supply unit which supplies the spe- 
cific gas into each of the sealed spaces can be arranged 
in a gap made between the adjacent optical members. 
[0043] With the second optical device in the present 
invention, a flange portion can be provided on at least 
a part of a periphery portion close to a neutral plane po- 
sition of a specific optical member, the specific optical 
member at least a part of specific optical members 
among the plurality of optical members, and the optical 
device can further comprise: a holding device which 
holds the specific optical member. 
[0044] According to the fifth aspect of the present in- 
vention, there is provided a third optical device arranged 
on an optical path of an energy beam, the optical device 
comprising: a barrel; a plurality of optical members ar- 
ranged in a predetermined positional relationship on the 
optical path of the energy beam within the barrel; a gas 
supply system which has a supply opening that is ar- 
ranged in the barrel, and supplies a specific gas having 
permeability to the energy beam into a space divided by 
the plurality of optical members via the supply opening; 
an exhaust system which has an exhaust opening that 
is arranged in the barrel, and exhausts gas within the 
space via the exhaust opening; wherein the supply 
opening of the specific gas is arranged closer to the op- 
tical path of the energy beam than the exhaust opening 
of the gas. 

[0045] With this optical device, the gas supply system 
supplies the specif ic gas having the properties that allow 
transmittance of the energy beam to the space divided 
by the plurality of optical members within the barrel via 
the supply opening arranged in the vicinity of the optical 
path of the energy beam. This allows the specific gas to 
be efficiently purged into the optical path of the energy 
beam and its vicinity in the space divided by the plurality 
of optical members within the barrel, that is, that absorp- 
tive gas or the like having the properties of absorbing 
the energy beam can be efficiently removed from the 
optical path of the energy beam and its vicinity. In addi- 
tion, since the exhaust opening is arranged at a position 
further away from around the optical path than the sup- 
ply opening of the specific gas, the amount of gas lin- 
gering within the space is reduced. Accordingly, the 
transmittance of the energy beam is hardly cut off by the 
absorptive gas or the like within the space, therefore, 
the energy beam transmittance of the optical device and 
its optical properties (including the image forming char- 
acteristics) can be favorably maintained. 
[0046] As the space within the barrel divided by the 
plurality of optical members, the space may be formed 
of a completely sealed structure and completely cut off 
from the gases outside the space, or if it is structured so 
that impurities in the gases outside do not enter the 
space, it may be a space formed of an almost complete 
sealed structure which sealed state can be maintained 
with a predetermined pressure. 
[0047] In this case, the supply opening can be ar- 



ranged in a gap located between the optical members 
reciprocally adjacent In such a case, the specific gas 
can be purged into gaps in between the optical members 
where it is difficult to perform a sufficient purge. 

5 [0048] With the third optical device in the present in- 
vention, a flange portion can be provided on at least a 
part of a periphery portion close to a neutral plane po- 
sition of a specific optical member, the specific optical 
member is at least one of plurality of optical members, 

io and the optical device can further comprise: a holding 
device which holds the specific optical member. 
[0049] With the third optical device in the present in- 
vention, a plurality of the spaces can be formed inside 
the barrel with the plurality of optical members, and the 

is optical device can further comprise: a control system 
which controls specific gas environments in each of the 
sealed spaces to keep pressure difference from occur- 
ring in adjacent spaces. 

[0050] According to the sixth aspect of the present in- 

20 vention, there is provided a fourth optical device ar- 
ranged on an optical path of an energy beam, the optical 
device comprising: a barrel; a plurality of optical mem- 
bers arranged in a predetermined positional relationship 
on the optical path of the energy beam within the barrel; 

25 a first supplying route which is provided along with the 
barrel, and which has a first supply opening with a pre- 
determined opening area for supplying a specific gas, 
which has permeability to the energy beam, into a space 
inside the ban-el divided by the plurality of optical mem- 

30 bers; a second supplying route which is provided along 
with the barrel, and which has a second supply opening 
with an opening area smaller than the first supply open- 
ing which supplies the specific gas into the space; an 
exhausting route which is provided along with the barrel, 

35 and which exhausts outside internal gas in the space; 
and a control unit which controls supply of the specific 
gas into the space by selecting at least one of the first 
supplying route and the second supplying route, de- 
pending on a state inside the space. 

40 [0051] With this optical device, the control unit selects 
at least either one of the first supplying route or the sec- 
ond supplying route depending on the state inside the 
space within the barrel divided by the plurality of optical 
members for supplying the specific gas. That is, the spe- 

45 cific gas is supplied to the space via the selected sup- 
plying route, and corresponding to the supply of the spe- 
cific gas the internal gas within the space is exhausted 
outside via the exhausting route. Since the opening area 
is large in the first supplying route, in the case this is 

so selected as the supplying route a large amount of the 
specific gas is supplied to the space. On the other hand, 
the opening area of the second supplying route is small- 
er than that of the first supplying route, so in the case 
this supplying route is selected a small amount of the 

55 specific gas is supplied to the space. Accordingly, by 
controlling the specific gas supply with the control unit 
selecting at least either one of the first supplying route 
or the second supplying route depending on the state 
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inside the space, the gas within the space can be re- 
placed with the specific gas in a short period of time, or, 
the purity of the specific gas within the space can be 
maintained while reducing the running cost by supplying 
a small amount of specific gas after the gas is replaced. 
Therefore, the purge performance of the optical device 
can be improved, and the optical properties can be fa- 
vorably maintained for a long period of time. 
[0052] And, as is previously described, as the space 
within the barrel divided by the plurality of optical mem- 
bers, the space may be formed of a completely sealed 
structure and completely cut off from the gases outside 
the space, or if it is structured so that impurities in the 
gases outside do not enter the space, it may be a space 
formed of an almost complete sealed structure which 
sealed state can be maintained with a predetermined 
pressure. 

[0053] In this case, the control unit can replace the 
internal gas with the specific gas by supplying the spe- 
cific gas via at least the first supplying route of the first 
supplying route and the second supplying route, when 
the internal gas of the space contains much absorptive 
gas which has properties of absorbing the energy beam. 
[0054] In addition, the control unit can supply the 
space with the specific gas via the second supplying 
route, when the internal gas of the space contains less 
of absorptive gas which has properties of absorbing the 
energy beam. 

[0055] With the fourth optical device in the present in- 
vention, the second supply opening can be arranged 
closer to the optical path of the energy beam than the 
first supply opening. In such a case, the optical path of 
the energy beam in the space and its vicinity can be ef- 
fectively purged with the specific gas. 
[0056] With the fourth optical device in the present in- 
vention, the second supply opening can be arranged in 
a gap located between the optical members reciprocally 
adjacent, and the control unit can supply the space with 
the specific gas via both the first and the second sup- 
plying routes, when the internal gas of the space con- 
tains much absorptive gas which has properties of ab- 
sorbing the energy beam. 

[0057] With the fourth optical device in the present in- 
vention, a flange portion can be provided on at least a 
part of a periphery portion close to a neutral plane po- 
sition of a specific optical member, the specific optical 
member is at least one of the plurality of optical mem- 
bers, and the optical device can further comprise: a 
holding device which holds the specific optical member. 
[0058] With the fourth optical device in the present in- 
vention, a plurality of spaces can be formed inside the 
barrel with the plurality of optical members, and the op- 
tical device can further comprise: a control system which 
controls specific gas environments in each of the sealed 
spaces to keep pressure difference from occurring in ad- 
jacent spaces. 

[0059] According to the seventh aspect of the present 
invention, there is provided a fifth optical device ar- 



ranged on an optical path of an energy beam, the optical 
device comprising: a first barrel portion which extends 
in a direction intersecting a gravitational direction, in 
which a first space is formed inside; a second barrel por- 

5 tion which is connected to the first barrel portion and 
extends in the gravitational direction, in which a second 
space is formed inside; and a first and second gas sup- 
ply/exhaust systems which are arranged individually for 
the first space and the second space, the systems purg- 

io ing a specific gas having permeability to the energy 
beam. 

[0060] With this optical device, it comprises: a first 
barrel portion which extends in a direction intersecting 
a gravitational direction, in which a first space is formed 

15 inside; a second barrel portion which is connected to the 
first barrel portion and extends in the gravitational direc- 
tion, in which a second space is formed inside; and a 
first and second gas supply/exhaust systems which are 
arranged individually in the first space and the second 

20 space, the systems for purging a specific gas having 
properties that allow transmittance of the energy beam. 
Therefore, not only is the second space within the sec- 
ond barrel portion is purged with the specific gas by the 
second gas supply/exhaust system, but also the first 

25 space within the first barrel portion is purged with the 
specific gas by the first gas supply/exhaust system. Ac- 
cordingly, the purge performance of the optical device 
can be improved by preventing the gas from lingering in 
the first space, thus the optical properties can be favo- 

30 rably maintained for a long period of time. 

[0061] In this case, when the specific gas is a gas 
which relative density is lighter than air, gas supply 
openings of the first and second gas supply/exhaust 
systems are preferably arranged in the upper portion of 

35 the gravitational direction in each of the spaces, where- 
as gas exhaust openings are preferably arranged in the 
lower portion of the gravitational direction in each of the 
spaces. In such a case, when the density of the specific 
gas is lighter than air, each of the space is gradually filled 

40 from above with the specific gas. Therefore, with the 
specific gas supplied from the upper side of each space 
and exhausted from the lower side, the internal gas can 
be evenly replaced in the entire space with the specific 
gas. 

45 [0062] With the fifth optical device in the present in- 
vention, the optical device can have a mirror with a first 
reflection surface on which the energy beam is reflected 
and a concave mirror which reflects the energy beam 
reflected off the first reflection surface onto a second 

50 surface of the mirror that are arranged in either one of 
the first space and the second space in any one of an 
individual and simultaneous manner, and in a space 
where the mirror is arranged, the specific gas that has 
a higher purity level compared with that of other spaces 

55 can be purged via a predetermined gas supply/exhaust 
system of the first and second gas supply/exhaust sys- 
tems. In such a case, the optical path within the space 
including the mirror is a so-called double path optical 
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path, thus requiring a higher purge accuracy of the spe- 
cific gas compared with other portions. The space, how- 
ever, is purged with the specific gas that has a higher 
purity than the other portions, therefore, the purge ac- 
curacy required can be sufficientfy satisfied. 
[0063] in this case, in the space where the mirror is 
arranged, a gas supply opening of the specific gas can 
be arranged in the vicinity of the mirror. In such a case, 
the mirror can be protected more effectively from dete- 
rioration due to impurities and the energy beam. 
[0064] With the fifth optical device in the present in- 
vention, inside at least one of the first and the second 
barrel portion the optical device can comprise: a plurality 
of optical members arranged in a predetermined posi- 
tional relationship; and a holding device which holds the 
specific optical member via a flange portion provided on 
at least a part of a periphery portion close to a neutral 
plane position of a specific optical member, the specific 
optical member is at least one of the plurality of optical 
members. 

[0065] With the fifth optical device in the present in- 
vention, the first space and the second space can be 
reciprocally adjacent, and the optical device can further 
comprise: a control system which controls specific gas 
environments within each of the spaces to keep pres- 
sure difference from occurring in the first space and the 
second space. 

[0066] With the fifth optical device in the present in- 
vention, at least one gas supply opening of the specific 
gas of the first and second gas supply/exhaust systems 
can be arranged closer to the optical path of the energy 
beam than a remaining gas supply opening of the spe- 
cific gas. 

[0067] With the fifth optical device in the present in- 
vention, at least one of the first and second gas supply/ 
exhaust systems can have a first supplying route which 
has a first supply opening with a predetermined opening 
area for supplying a specific gas, a second supplying 
route which has a second supply opening with an open- 
ing area smaller than the first supply opening which sup- 
plies the specific gas, and an exhausting route which 
exhausts outside internal gas in a space subject to 
purge; and a control unit which controls supply of the 
specific gas into the space by selecting at least one of 
the first supplyin g route and the second supplying route, 
depending on a state inside the space subject to purge. 
[0068] According to the eighth aspect of the present 
invention, there is provided a first exposure apparatus 
that transfers a pattern of a mask onto a substrate via a 
projection optical system, the exposure apparatus com- 
prising: a first optical device in the present invention as 
a projection optical system. 

[0069] With this exposure apparatus, the mask pat- 
tern is transferred onto the substrate via a projection op- 
tical system consisting of the optical device according 
to Claim 7 which optical properties are favorably main- 
tained. Therefore, the mask pattern can be transferred 
with high accuracy on the substrate for a long period of 



time, and it becomes possible to perform exposure with 
high precision for over a long period of time. 
[0070] According to the ninth aspect of the present in- 
vention, there is provided a second exposure apparatus 
5 that illuminates a mask on which a pattern is formed with 
an energy beam and transfers the pattern onto a sub- 
strate via a projection optical system, the exposure ap- 
paratus comprising: a second optical device in the 
present invention as a projection optical system, where- 
to in the specific gas is a gas having permeability to the 
energy beam. 

[0071] With this exposure apparatus, since it compris- 
es the second optical device in the present invention as 
the projection optical system, the optical properties of 

is the projection optical system do not change easily with 
the elapse of time. Moreover, since the specific gas sup- 
plied to the sealed space within the optical system is a 
gas having properties of transmitting the energy beam, 
the energy beam entering the optical member can be 

20 maintained at a high transmittance (or reflectance), and 
exposure amount control with high accuracy over a long 
period of time becomes possible. Therefore, the mask 
pattern can be transferred with high accuracy on the 
substrate for a long period of time, and it becomes pos- 

25 sible to perform exposure with high precision for over a 
long period of time. 

[0072] According to the tenth aspect of the present in- 
vention, there is provided a third exposure apparatus 
that exposes a substrate via an optical system and a 

30 mask with an energy beam and transfers a pattern 
formed on the mask onto the substrate, the exposure 
apparatus comprising: a third optical device in the 
present invention arranged on an optical path of the en- 
ergy beam from the mask to the substrate. 

35 [0073] With this exposure apparatus, it comprises the 
third optical device in the present invention arranged on 
the optical path of the energy beam from the mask to 
the substrate, so the absorptive gas or the like having 
the properties of absorbing the energy beam can be ef- 

40 ficiently removed from the optical path of the energy 
beam and its vicinity, and the amount of gas lingering in 
the space can be reduced. Accordingly, the absorptive 
gas or the like in the space cuts off almost none of the 
transmittance of the energy beam, thus, the energy 

45 beam transmittance and the optical properties of the op- 
tical device (including the image forming characteristics) 
can be favorably maintained. This allows exposure with 
high precision (transfer of the mask pattern onto the sub- 
strate) for over a long period of time. In addition, in this 

50 case, since the optical path of the energy beam and its 
vicinity where it greatly influences the light amount con- 
trol on the substrate surface and the optical properties 
(including the image forming characteristics) of the op- 
tical system is effectively purged with the specific gas, 

55 the entire inner space of the optical system does not 
necessarily have to be purged evenly with the specific 
gas. Therefore, the amount of the specific gas used can 
be reduced, which leads to the reduction of the running 
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cost. 

[0074] As the inner space in the present invention, the 
space may be formed of a completely sealed structure 
and completely cut off from the gases outside the space, 
or if it is structured so that impurities in the gases outside 
do not enter the space, it may be a space formed of an 
almost complete sealed structure which sealed state 
can be maintained with a predetermined pressure. 
[0075] In this case, the supply opening can be ar- 
ranged in the gap located between said adjacent optical 
members. In such a case, the gap in between the optical 
members where it is normally difficult to perform a suf- 
ficient purge can be easily and sufficiently purged with 
the specific gas. 

[0076] With the third exposure apparatus in the 
present invention, the exposure apparatus can further 
comprise a scanning unit that scans the mask and the 
substrate synchronously with respect to the energy 
beam during exposure of the substrate. That is, the ex- 
posure apparatus may be a scanning exposure appara- 
tus. In such a case, the area within the optical system 
transmitting the energy beam is a part of the optical sys- 
tem (an area of a rectangular slit shape or an arcuated 
shape). Since, however, the optical path of the energy 
beam and its vicinity is purged with the specific path via 
the supply opening arranged close to the optical path of 
the energy beam, the specific gas can be purged suffi- 
ciently, regardless of the shape of the area transmitting 
the energy beam. 

[0077] According to the eleventh aspect of the present 
invention, there is provided a fourth exposure apparatus 
that exposes a substrate via an optical system and a 
mask with an energy beam and transfers a pattern 
formed on the mask onto the substrate, the exposure 
apparatus comprising: a fourth optical device in the 
present invention as the optical system. 
[0078] With this exposure apparatus, it comprises the 
fourth optical device in the present invention as the op- 
tical system. This allows the control system to control 
the specific gas supply by choosing at least either one 
of the first supplying route or the second supplying route 
depending on the state within the space divided by the 
plurality of optical members inside the barrel of the op- 
tical system (optical device), and as a consequence, the 
space can be replaced with the specific gas within a 
short period of time, and then the purity of the gas main- 
tained while reducing the running cost by supplying a 
small amount of the specific gas into the space after the 
replacement. Accordingly, the purge performance of the 
optical device can be improved, in addition to maintain- 
ing the optical properties at a favorable level for over a 
long period of time. Therefore, with the present inven- 
tion, the purge performance of the optical system can 
be improved, as well as perform exposure with high pre- 
cision (transferring the mask pattern onto the substrate) 
for over a long period of time via the optical system that 
has been favorably purged. 

[0079] In this case, the second supply opening can be 



arranged closer to the optical path of the energy beam 
than the first supply opening. In such a case, the optical 
path of the energy beam in the inner space of the optical 
system and its vicinity can be effectively purged with the 

5 specific gas. 

[0080] With the fourth exposure apparatus of the 
present invention, the second supply opening can be ar- 
ranged in a gap between adjacent optical elements 
structuring the optical system, and the control unit can 

io supply the specific gas into the space via both the first 
supplying route and the second supplying route on initial 
gas replacement. In such a case, the gap in between 
the optical members where it is difficult to perform a suf- 
ficient purge on initial gas replacement can be sufficient- 
is |y purged with the specific gas. 

[0081] According to the twelfth aspect of the present 
invention, there is provided a fifth exposure apparatus 
that irradiates an energy beam on a mask and transfers 
a pattern formed on the mask onto a substrate, the ex- 

20 posure apparatus comprising: a fifth optical device in the 
present invention arranged on an optical path of the en- 
ergy beam from the mask to the substrate. 
[0082] With this exposure apparatus, it comprises the 
fifth optical device in the present invention, which is ar- 

25 ranged on the optical path of the energy beam from the 
mask to the substrate. This allows not only the second 
space of the second barrel portion to be purged with the 
specific gas by the second gas supply/exhaust system, 
but the first space of the first barrel portion is also purged 

30 with the specific gas by the first gas supply/exhaust sys- 
tem. Accordingly, the gas within the first space can be 
kept from lingering, which improves the purge perform- 
ance within the optical device, and the mask pattern can 
be accurately transferred onto the substrate via the op- 

35 tical device that has been favorably purged for over a 
long period of time. 

[0083] In this case, the gas supply openings of the first 
and second gas supply/exhaust systems are preferably 
arranged in the upper portion of the gravitational direc- 

40 tion in each of the spaces, whereas gas exhaust open- 
ings are preferably arranged in the lower portion of the 
gravitational direction in each of the spaces. In such a 
case, when the density of the specific gas is lighter than 
air, each of the space is gradually filled from above with 

45 the specific gas . Therefore, with the specific gas sup- 
plied from the upper side of each space and exhausted 
from the lower side, the internal gas can be evenly re- 
placed in the entire space with the specific gas. 
[0084] With the fifth exposure apparatus in the 

50 present invention, the optical device can have a mirror 
having a first reflection surface and a second reflection 
surface and a concave mirror, and the energy beam 
emitted from the mask can be reflected off the first re- 
flection surface of the mirror toward the concave mirror 

55 whereas the energy beam reflected off the concave mir- 
ror can be reflected off the second reflection surface of 
the mirror toward the substrate, and in a space where 
the mirror is arranged, the specific gas that has a higher 
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purity level compared with that of other spaces can be 
purged via a predetermined gas supply/exhaust system 
of the first and second gas supply/exhaust systems. In 
such a case, the optica) path within the space including 
the mirror of the optical device becomes a so-cal led dou- 
ble path optical path, therefore, requires a purge of the 
specific gas with a higher accuracy compared with other 
portions. This space, however, is purged with a specific 
gas which purity is higher than that of the gas purged in 
the other portions, so the purge accuracy required can 
be sufficiently satisfied. 

[0085] In addition, for example, in the case of using 
an F 2 laser beam as the energy beam and a mirror hav- 
ing a reflection surface coated with metal such as alu- 
minum as the mirror, since the reflection surface deteri- 
orates rapidly due to the impurities within the inner 
space and the F 2 laser beam, the present invention is 
effective to resolve this situation and protect the mirror. 
[0086] In this case, a gas supply opening of said spe- 
cific gas may be arranged in the vicinity of the mirror, in 
the space where the mirror is arranged. In such a case, 
it becomes possible to increase the efficiency in protect- 
ing the mirror from deterioration due to the impurities 
and the energy beam. 

[0087] In addition, in the lithographic process, by us- 
ing the exposure apparatus in the present invention (the 
first to fifth exposure apparatus) the pattern of the mask 
can be accurately transferred onto the substrate, there- 
fore, microdevices with high integration can be pro- 
duced with high yield and its productivity improved. Ac- 
cordingly, it can be said from another aspect that the 
present invention is a device manufacturing method us- 
ing the exposure apparatus in the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0088] 

Fig. 1 shows the configuration of an exposure ap- 
paratus related to a first embodiment in the present 
invention; 

Fig. 2 is a sectional view showing the configuration 
of a projection optical system related to the first em- 
bodiment; 

Fig. 3 is a perspective view showing a configuration 
of an optical member cell C3 in Fig. 2; 
Fig. 4A shows a planar view of the optical member 
cell in Fig. 3, and Fig. 4B shows a sectional view 
along a line A-A in Fig. 4A; 
Fig. 5 is a block diagram showing the main portion 
of a control system for the exposure apparatus re- 
lated to the first embodiment; 
Fig. 6 is a sectional view for describing the inside of 
a projection optical system related to a second em- 
bodiment; 

Fig. 7 is a sectional view for describing the inside of 
a projection optical system related to a third embod- 
iment; 



Fig. 8 is an overall perspective view showing a pro- 
jection optical system related to a fourth embodi- 
ment; 

Fig. 9 is a transverse sectional view of the projection 
5 optical system related to the fourth embodiment 
along a line B-B in Fig. 8; 
Fig. 1 0 is an edge surface view of the projection op- 
tical system related to the fourth embodiment sec- 
tioned along a line C-C in Fig. 9; 
10 Fig. 11 is a sectional view of the projection optical 
system related to the fourth embodiment along a 
line D-D in Fig. 9; 

Fig. 12 is a block diagram showing the main portion 
of a control system for the exposure apparatus re- 

15 lated to the fourth embodiment; 

Fig. 13 is a longitudinal sectional view of a projec- 
tion optical system related to a fifth embodiment; 
Fig. 14 is a conceptual view showing a model of a 
gas supply/exhaust system for purging an inside of 

20 a sealed chamber of the projection optical system 
in Fig. 13; 

Fig. 15 is a longitudinal sectional view showing a 
projection optical system consisting of a reflection 
refraction system related to a modified example; 
25 Fig. 1 6 is a flow chart for explaining an embodiment 
of a device manufacturing method according to the 
present invention; 

Fig. 1 7 is a flow chart for showing a process in step 
204 in Fig. 16; 

30 Fig. 1 8 is a sectional view for describing the inside 
of a conventional projection optical system; and 
Fig. 1 9A is an enlarged sectional view of an optical 
member cell C3' in Fig. 18, and Fig. 19B is an ex- 
ploded perspective view of the optical member cell 

35 C3\ 

Best Mode for Carrying out the Invention 

« First Embodiment » 

40 

[0089] Referring to Figs. 1 to 5, a first embodiment of 
the present invention is described below. Fig. 1 sche- 
matically shows a configuration of an exposure appara- 
tus related to the first embodiment. This exposure ap- 

45 paratus 100 is a projection exposure apparatus based 
on a step-and-scan method, which transfers a pattern 
of a reticle R serving as a mask onto a wafer W serving 
as a substrate via a projection optical system PL by ir- 
radiating an exposure illumination light EL serving as an 

50 energy beam in the vacuum ultraviolet region on the ret- 
icle R and relatively scanning the reticle R and the wafer 
W in a predetermined scanning direction (in this case, 
the X-axis direction). That is, it is a so-called scanning 
stepper. 

55 [0090] The exposure apparatus 100 includes a light 
source 1 and an illumination optical system TOP. It also 
comprises parts such as an illumination system for illu- 
minating the reticle R with the exposure illumination light 
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(hereinafter referred to as "exposure light ■) EL, a reticle 
stage 14 serving as a mask stage for holding the reticle 
R, the projection optical system PL for projecting the ex- 
posure light EL emitted from the reticle R onto the wafer 
W, and a wafer stage WST serving as a substrate stage 
for holding the wafer W. 

[0091] As the light source 1 , a fluorine laser (F 2 laser) 
that has an output wavelength of 157nm is used in this 
embodiment as an example. And, as a matter of course, 
other light sources that emit light in the vacuum ultravi- 
olet region which wavelength is around 120nm to 
1 80nm, such as the krypton dimer laser (Kr 2 laser) hav- 
ing an output wavelength of 146nm, the argon dimer la- 
ser (Ar 2 laser) having an output wavelength of 126nm, 
or the Arf laser excimer laser having an output wave- 
length of 1 93nm may also be used as the light source 1 . 
[0092] The illumination optical system IOP is config- 
ured including an illumination system housing 2, and 
within the illumination system housing 2 a deflection mir- 
ror 3, an optical integrator 4 such as a fly-eye lens, a 
beam splitter 5 which reflectance is large and transmit- 
tance small, relay lenses 7 and 8, a reticle blind mech- 
anism BL serving as an aperture stop, a deflection mirror 
9, and the like are arranged in a predetermined position- 
al relationship. In this case, the reticle blind mechanism 
BL is actually configured including a fixed reticle blind, 
which is arranged on a plane slightly defocused from a 
conjugate surface against the pattern surface of the ret- 
icle R and has an opening portion formed in a predeter- 
mined shape that sets the illumination area on the reticle 
R, and a movable reticle blind, which is arranged on the 
conjugate surface against the pattern surface of the ret- 
icle R in the vicinity of the fixed reticle blind and has an 
opening portion variable in position and width in the di- 
rection corresponding to the scanning direction. And, 
the opening portion of the fixed reticle blind is shaped 
in a slit or a rectangle that linearly extends in the Y-axis 
direction, which is perpendicular to the moving direction 
(X-axis direction) of the reticle R on scanning exposure, 
in the center of the circular field of the projection optical 
system PL. 

[0093] In this case, exposure on unnecessary por- 
tions is avoided by further limiting the illumination area 
via the movable reticle blind at the start and the end of 
the scanning exposure. The movable reticle blind is un- 
der the control of a main controller 70 (not shown in Fig. 
1 , refer to Fig. 5) via a driving system (not shown in 
Figs.). Furthermore, a light amount monitor 6 consisting 
of a photoelectric conversion device is arranged on the 
transmittance optical path of the beam splitter 5. 
[0094] Operation of the illumination optical system 
IOP is briefly described below. A beam (laser beam) LB 
in the vacuum ultraviolet light region, which is emitted 
almost horizontally from the light source 1 , is bent at an 
angle of 90 degrees by the deflection mirror 3, and en- 
ters the optical integrator 4. The laser beam LB then is 
converted Into an exposure light EL which intensity dis- 
tribution is almost uniform. Most of the exposure light 



EL (for example, around 97%) is reflected off the beam 
splitters, and illuminates the fixed reticle blind that make 
up the reticle blind mechanism BL with uniform illumi- 
nance via the relay lens 7. And the exposure light EL 

5 that has passed through the opening portion of the fixed 
reticle blind then passes through the movable reticle 
blind and illuminates a predetermined illumination area 
on the reticle R (a slit or rectangular shaped illumination 
area extending linearly in the Y-axis direction) with uni- 
te form illuminance distribution via the relay lens 8, deflec- 
tion mirror 9, and a light transmittance window 12 which 
will be referred to later on in this description. 
[0095] Meanwhile, the remaining exposure light EL 
that the beam splitter 5 transmits (for example, around 

15 3%) is received by the light amount monitor 6 and photo- 
electrically converted into photoelectric conversion sig- 
nals, which are sent to the main controller 70 (refer to 
Fig. 5). When the light source 1 starts emission, the main 
controller 70 assumes the illuminance of the image 

20 plane (surface of the wafer W) by a predetermined cal- 
culation based on the output of the light amount monitor 
6. And based on the assumption results, the main con- 
troller 70 controls the exposure amount that is to be pro- 
vided on each point on the wafer W. 

25 [0096] In the case of using light having a wavelength 
in the vacuum ultraviolet region as the exposure light, 
gases such as oxygen, water vapor, and hydrocarbon 
that have high absorptive characteristics to light in such 
wavelength bandwidth (hereinafter referred to as "ab- 

30 sorptive gas" as appropriate) need to be eliminated from 
the optical path. Therefore, in the embodiment, the in- 
terior of the illumination system housing 2 is filled with 
a specific gas which transmits light favorably in the vac- 
uum ultraviolet region, that is, an inert gas that has a 

35 low absorptive characteristic to light in the vacuum ul- 
traviolet region such as nitrogen, helium, argon, neon, 
or krypton, or a concentration of these gases, (herein- 
after referred to as "low absorptive gas" as appropriate), 
and the pressure is set slightly higher, to be more spe- 

40 cif ic, 1 to 1 0% higher than the atmospheric pressure. As 
a consequence, the concentration of the absorptive gas 
within the illumination system housing 2 is kept at sev- 
eral ppm or below. Hereinafter, the pressure that is 1 to 
10% higher than the atmospheric pressure will be re- 

45 ferred to as a "predetermined target pressure" for the 
sake of convenience. 

[0097] More particularly, as is shown in Fig. 1 , the il- 
lumination system housing 2 has a gas supply valve 1 0 
on one end, on a side where the light source 1 is ar- 

50 ranged, and an exhaust valve 1 1 is arranged on the oth- 
er side of the illumination system housing 2, farthest 
from the gas supply valve 1 0. In this case, the gas supply 
valve 10 is connected to one end of a gas supply unit 
31 (not shown in Fig. 1 , refer to Fig. 5) via a gas supply- 

55 ing route, and the exhaust valve 1 1 is connected to the 
other end of the gas supply unit 31 via an exhausting 
route. In addition, although it is omitted in the drawings, 
filters (hereinafter generally referred to as an "air filter") 
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such as a HE PA filter (high efficiency particulate air-fil- 
ter) or a ULPA filter (ultra low penetration air-filter) are 
provided in the exhausting route where the exhaust 
valve 11 is arranged to remove particles, as well as 
chemical filters, which remove absorptive gas referred 
to earlier such as oxygen. Similarly, although it is omitted 
in the drawings, air filters and chemical filters are pro- 
vided in the gas supplying route where the gas supply 
valve 10 is arranged, along with a first pump P1 (not 
shown in Fig. 1, refer to Fig. 5). 
[0098] In this embodiment, the gas supply valve 10, 
the exhaust valve 1 1 , and the first pump P1 are connect- 
ed to the main controller 70, which is shown in Fig. 5. 
The main controller 70 operates the first pump P1 in a 
state where the gas supply valve 10 and the exhaust 
valve 11 are both open when the gas within the illumi- 
nation system housing 2 needs to be exchanged (re- 
placed), while monitoring the output of a pressure sen- 
sor PS1 (refer to Fig. 5) which is arranged within the 
illumination system housing 2. This allows the illumina- 
tion system housing 2 to be filled with the low absorptive 
gas via the gas supplying route from the gas supply unit 
31 , and at the same time the gas within the illumination 
system housing 2 is exhausted via the exhaust valve 1 1 
into the exhausting route back to the gas supply unit 31 . 
In this manner, the gas within the illumination system 
housing 2 is efficiently replaced. 
[0099] In this case, due to the operation of the air fil- 
ters and chemical filters described above, there is al- 
most no adverse effect on exposure even when low ab- 
sorptive gas is circulated for a long period of time. 
[0100] The reason for keeping the internal pressure 
of the low absorptive gas within the illumination system 
housing 2 at a predetermined target pressure as is de- 
scribed above, is because although it is preferable to 
set the internal pressure higher than the atmospheric 
pressure from the viewpoint of preventing the mixture 
(leakage) of outer air in the illumination system housing 
2, if the internal pressure is set too high, the housing 2 
needs to be built stronger in order to support the differ- 
ence in pressure, thus increasing the weight of the hous- 
ing 2. However, if the floor of the semiconductor factory 
where the exposure apparatus is arranged is strong 
enough to allow the weight of the exposure apparatus, 
it would be more efficient if the interior of the housing 2 
is first of all decompressed to around 0.1 Pa upon gas 
replacement, and then filled with the low absorptive gas. 
[01 01 ] Referring back to Fig. 1 , the reticle stage 1 4 is 
arranged inside a reticle chamber 15 holding a reticle 
R. The reticle chamber 15 is enclosed with a partition 
wall 18, which is tightly connected without any gap to 
the illumination system housing 2 and the ban-el of the 
projection optical system PL, and the gas inside is 
sealed from the outside. The partition wall 1 8 of the ret- 
icle chamber 15 is made of material such as stainless 
(SUS), which is strong against degassing. 
[01 02] On the ceiling portion of the partition wall 1 8 of 
the reticle chamber 15, an opening is formed that is 



slightly smaller than the reticle R. A light transmittance 
window 12 is arranged in this opening portion in a state 
where it separates the interior space of the illumination 
system housing 2 and the interior space of the reticle 

5 chamber 15 where the reticle R used for exposure is 
arranged. Since the light transmittance window 12 is ar- 
ranged on the optical path of the exposure light EL irra- 
diated from the illumination optical system IOP onto the 
reticle R, it is made of crystal material such as fluorite, 

10 which has high transmittance to light in the vacuum ul- 
traviolet region such as the exposure light. 
[0103] In the case of performing gas replacement of 
the gas inside the illumination housing 2 after perform- 
ing decompressing operations within the illumination 

15 housing 2, the fluorite may be damaged due to the pres- 
sure on the light transmittance window 12 during de- 
compression. Therefore, the light transmittance window 
1 2 can be protected from the pressure difference by ar- 
ranging a movable metal pressure-resistant cover 

20 above the light transmittance window 12 illustrated in 
Fig. 1 , while the decompression is performed. 
[0104] The reticle stage 14 linearly drives the reticle 
R in large strokes on the reticle base supporting bed (not 
shown in Figs.) in the X-axis direction, and also has a 

25 structure capable of finely driving the reticle R in the Y- 
axis direction and the 0z direction (rotational direction 
around the Z-axis). 

[0105] More particularly, the arrangement of the reti- 
cle stage 1 4 includes a reticle scanning stage 1 4A which 

30 is driven in the X-axis direction in predetermined strokes 
on a reticle base supporting bed (not shown in Figs.) by 
a reticle driving system 44 which includes a linear motor 
and the like, and a reticle holder 14B which holds the 
reticle R mounted on the reticle scanning stage 14A by 

35 suction. The reticle holder 1 4B is structured so that it is 
capable of being finely driven (including rotation) within 
the XY plane by the reticle driving system 44. 
[0106] The interior of the reticle chamber 15 is filled 
with a low absorptive gas, and the pressure is set to the 

40 predetermined target pressure referred to above. This 
is because with exposure apparatus that uses exposure 
wavelength in the vacuum ultraviolet region, the vicinity 
of the reticle R also needs to be filled with the low ab- 
sorptive gas in order to avoid the exposure light from 

45 being absorbed by absorptive gases such as oxygen. 
As a consequence, the concentration of the absorptive 
gas in the reticle chamber 1 5 does not exceed the extent 
of several ppm. 

[0107] On the partition wall 1 8 of the reticle chamber 
50 1 5 ( a gas supply valve 1 6 and an exhaust valve 1 7 are 
arranged as is shown in Fig. 1 . In this case, the gas sup- 
ply valve 16 is connected to one end of the gas supply 
unit 31 described earlier (refer to Fig. 5) via a gas sup- 
plying route, and the exhaust valve 17 is connected to 
55 the other end of the gas supply unit 31 via an exhausting 
route. Although it is omitted in the drawings, air filters 
that remove particles and chemical filters that remove 
absorptive gas such as oxygen are provided in the ex- 
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hausting route where the exhaust valve 1 7 is arranged. 
In addition, although it is omitted in the drawings, air fil- 
ters, chemical filters, and a second pump P2 (refer to 
Fig. 5) are provided in the gas supplying route where 
the gas supply valve 16 is arranged. Also, as is shown 
in Fig. 5, the gas supply valve 1 6, the exhaust valve 1 7, 
and the second pump P2 are connected to the main con- 
troller 70. And, in a manner similar to the procedures of 
replacing the gas within the illumination system housing 
2 described earlier, the main controller 70 opens/closes 
the gas supply valve 16 and the exhaust valve 1 7, op* 
erates/stops the second pump P2, and at the same time 
monitors the output of a pressure sensor PS2 (not 
shown in Fig. 1 , refer to Fig. 5) which is arranged within 
the reticle chamber 15, in order to effectively perform 
the gas replacement within the reticle chamber 15. 
[0108] Again, in this case, there is almost no adverse 
effect on exposure even when the low absorptive gas is 
circulated for a long period of time, because the air filters 
and chemical filters provided in the gas supplying route 
and exhausting route remove almost all the impurities 
referred to above within the circulated gas. 
[0109] In addition, the main controller 70 may decide 
the operation timing of the second pump P2 based on 
the output of a gas sensor, or the low absorptive gas 
may be supplied continuously (a flow may be created) 
to the reticle chamber 15. 

[0110] The reason for setting the internal pressure of 
the reticle chamber 1 5 to the predetermined target pres- 
sure referred to previously is similar with the case of the 
illumination system housing 2. Accordingly, if the in- 
crease in weight is allowed, the method of performing 
decompression first when replacing the gas in the reticle 
chamber 15, and then injecting the low absorptive gas 
can be employed. 

[0111] On the -X side of the side wall of the partition 
wall 18 of the reticle chamber 15, a light transmittance 
window 71 is arranged. Similarly, although it is omitted 
in the drawings, a transmittance window is arranged on 
the +Y side (in the depth of Fig.1) of the side wall of the 
partition wall 18. These light transmittance windows are 
formed by fitting a light transmittance member, in this 
case an ordinary optical glass material, into the respec- 
tive window portions (opening portion) made in the par- 
tition wall 18. In this case, in order to prevent gas leaking 
from the portion where the glass material structuring the 
transmittance window 71 is attached, metallic seals 
made of indium or copper, or a sealing by fluorinated 
resin, is arranged on this portion. In this case, as the 
fluorinated resin, it is preferable to use a material that 
has been heat-treated for 2 hours at a temperature of 
80°C and has gone through degassing process. 
[0112] On the edge of the reticle holder 14B on the -X 
side, an Xmovable mirror 72X consisting of a planar mir- 
ror is arranged extending in the Y-axis direction. An X- 
axis laser interferometer 74X is arranged almost per- 
pendicular to the X movable mirror 72X outside the ret- 
icle chamber 15, and the measurement beam from the 



X-axis laser interferometer 74X is projected on the X 
movable mirror 72X via the light transmittance window 
71 . The reflected beam is photo-detected by a detector 
within the laser interferometer 74X via the transmittance 

5 window 71, and the position of the X movable mirror 
72X, in other words, the X position of the reticle R, is 
detected with the position of the reference mirror within 
the laser interferometer 74X as a reference. 
[01 1 3] Similarly, although it is omitted in the drawings, 

10 on the edge of the reticle holder 1 4B on the +Y side, a 
Y movable mirror consisting of a planar mirror is ar- 
ranged extending in the X-axis direction. And a Y-axis 
laser interferometer (not shown in drawings) detects the 
position of the Y movable mirror, in other words, the Y 

is position of the reticle R, through the Y movable mirror 
in the manner similar as above. The detection values 
(measurement values) of the two laser interferometers 
described above are sent to the main controller 70, and 
the main controller 70 controls the position of the reticle 

20 stage 14 based on the detection values of these laser 
interferometers. Incidentally, although the X-axis laser 
interferometer 74X and the Y-axis laser interferometer 
are provided as the reticle laser interferometers, these 
are representatively shown as a reticle interferometer 

25 74 in Fig. 5. 

[01 14] In this embodiment, as is referred to above, the 
laser interferometer, that is, a laser light source, optical 
members such as a prism, and a detector, is arranged 
outside the reticle chamber 15. Therefore, even in the 

30 event that an extremely small amount of absorptive gas 
may be generated from the parts making up the laser 
interferometer such as the detector, there is no serious 
effect on the exposure performed. 
[0115] As the projection optical system PL, a reduc- 
es tion optical system that is telecentric on both sides as 
well as a refraction optical system consisting of a plural- 
ity of lens elements having a common optical axis in the 
Z-axis direction is used. The projection optical system 
PL has a projection magnification p of, for example, 1/4 

*o or 1/5. Therefore, when the reticle R is illuminated by 
the exposure light EL from the illumination optical sys- 
tem IOP as is described earlier, a circuit pattern formed 
on the reticle R is reduced and projected on shot areas 
of the wafer W by the projection optical system PL, thus 

45 forming and transferring the reduced image of the circuit 
pattern. In this embodiment, the projection optical sys- 
tem PL is made up of an optical device in the present 
invention, and details such as the structure will be de- 
scribed later on in the description. 

50 [01 16] The wafer stage WST is arranged inside a wa- 
fer chamber 40. The wafer chamber 40 is covered with 
a partition wall 41 , which is tightly connected without any 
gap to the barrel of the projection optical system PL, and 
the gas inside is sealed from the outside. The partition 

55 wall41 of the wafer chamber 40 is made of material such 
as stainless (SUS), which is strong against degassing. 
[01 1 7] The wafer stage WST is driven freely along the 
upper surface of a base BS within an XY plane in a non- 
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contact manner by a wafer driving system 47 (not shown 
in Fig. 1 , refer to Fig. 5). The wafer driving system 47 is 
made up of, for example, a linear motor, or a magnetic 
levitation two-dimensional linear actuator (a planar mo- 
tor). 

[0118] A wafer holder 35 is mounted on the wafer 
stage WST, and it holds the wafer W by suction. 
[0119] With exposure apparatus that use exposure 
wavelength in the vacuum ultraviolet region, in order to 
avoid the exposure light from being absorbed by absorp- 
tive gases such as oxygen, gases on the optical path 
from the projection optical system PL to the wafer W also 
needs to be replaced with the low absorptive gas re- 
ferred to earlier. Therefore, in this embodiment, the in- 
terior of the wafer chamber 40 is filled with the low ab- 
sorptive gas and the internal pressure is set to the pre- 
determined target pressure described earlier. 
[0120] More particularly, as is shown in Fig. 1 , on the 
partition wall 41 of the wafer chamber 40 a gas supply 
valve 32 and an exhaust valve 33 are arranged. The gas 
supply valve 32 is connected to one end of the gas sup- 
ply unit 31 referred to earlier via a gas supplying route, 
and the exhaust valve 33 is connected to the other end 
of the gas supply unit 31 via an exhausting route. In this 
case, air filters, which remove particles, and chemical 
filters, which remove absorptive gas, are arranged in the 
exhausting route where the exhaust valve 33 is ar- 
ranged. And in the gas supplying route where the gas 
supply valve 32 is arranged, air filters, which remove 
particles, chemical filters, which remove absorptive gas, 
and a third pump P3 (not shown in Fig. 1 , refer to Fig. 
5) are provided. In addition, as it is shown in Fig. 5, the 
gas supply valve 32, the exhaust valve 33, and the third 
pump P3 are connected to the main controller 70. And, 
in the manner similar to the procedures of replacing the 
gas within the illumination system housing 2 described 
earlier, the main controller 70 opens/closes the gas sup- 
ply valve 32 and the exhaust valve 33, operates/stops 
the third pump P3, while monitoring the output of a pres- 
sure sensor PS3 which is arranged within the wafer 
chamber 40, in order to effectively perform the gas re- 
placement within the wafer chamber 40. 
[0121] Similarly, in this case, due to the air filters and 
chemical filters described above, almost all impurities in 
the gas circulated are removed, therefore, there is al- 
most no adverse effect on exposure even when low ab- 
sorptive gas is circulated for a long period of time. 
[0122] Similarly, in this case, the main controller 70 
may decide the operation timing of the third pump P3 
based on the output of a gas sensor, or the low absorp- 
tive gas may be supplied continuously (a flow may be 
created) to the wafer chamber 40. 
[0123] And the reason forsetting the internal pressure 
of the wafer chamber 40 to the predetermined target 
pressure referred to previously, is the same with the 
case of the illumination system housing 2. 
[0124] On the -X side of the side wall of the partition 
wall 41 of the wafer chamber 40, a light transmittance 



window 38 is arranged. Similarly, although it is omitted 
in the drawings, a transmittance window is arranged on 
the +Y side (in the depth of Fig.1 ) of the side wall of the 
partition wall 41 . These light transmittance windows are 

5 formed by fitting a light transmittance member, in this 
case an ordinary optical glass material, into each win- 
dow portion (opening portion) made in the partition wall 
41 . In this case, in order to prevent gas leaking from the 
portion where the glass material structuring the trans- 

10 mittance window 38 is attached, metallic seals made of 
indium or copper, or a sealing by fluorinated resin, is 
arranged on this portion. In this case, as the fluorinated 
resin, it is preferable to use a material that has been 
heat-treated for 2 hours at a temperature of 80°C and 

15 has gone through degassing process. 

[0125] On the edge of the wafer holder 35 on the -X 
side, an X movable mirror 36X consisting of a planar 
mirror is arranged extending in the Y direction. An X- 
axis laser interferometer 37X is arranged almost per- 

20 pendicu lar to the X movable mirror 36X outside the wa- 
fer chamber 40, and the measurement beam from the 
X-axis laser interferometer 37X is projected on the X 
movable mirror 36X via the light transmittance window 
38. The reflected beam is photo-detected by a detector 

25 within the laser interferometer 37X via the transmittance 
window 38, and the position of the X movable mirror 
36X, in other words, the X position of the wafer W, is 
detected with the position of the reference mirror within 
the laser interferometer 37X as a reference. 

30 [0126] Similarly, although it is omitted in the drawings, 
on the edge of the wafer holder 35 on the +Y side, a Y 
movable mirror consisting of a planar mirror is arranged 
extending in the X direction. And a Y-axis laser interfer- 
ometer 37Y (not shown in Fig.1 , refer to Fig. 5) detects 

55 the position of the Y movable mirror, in other words, the 
Y position of the wafer W, via the Y movable mirror in 
the manner similar as above. The detection values 
(measurement values) of the two laser interferometers 
are sent to the main controller 70, and the main control- 

40 !er 70 controls the position of the wafer stage WST via 
the wafer driving system 47 (refer to Fig. 5), while mon- 
itoring the detection values of these laser interferom- 
eters 

[0127] In this manner, in the embodiment, the laser 
45 interferometer, that is, the laser light source, optical 
members such as a prism, and a detector, is arranged 
outside the wafer chamber 40. Therefore, even in the 
event that an extremely small amount of absorptive gas 
may be generated from the parts making up the laser 
50 interferometer such as the detector, there is no serious 
effect on the exposure performed. 
[0128] Next, a configuration of the projection optical 
system PL serving as an optical device is described in 
detail. Fig. 2 schematically shows a longitudinal section- 
55 al view of the projection optical system PL. As is shown 
in Fig. 2, the projection optical system PL comprises a 
barrel 50, and a plurality of optical member cells (four in 
Fig. 2), C1, C2, C3, and C4, arranged within the barrel 
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50 at a predetermined interval. 
[0129] The barrel 50 has a double structure, consist- 
ing of a cylindrical outer barrel 51 A and cylindrical inner 
barrels 51 B t to 51 B 4 that are sequentially arranged in- 
side the outer barrel 51 A along an optical axis direction 5 
AX (the Z-axis direction) from the top to the bottom and 
are integrated with the outer barrel 51 A. The outer barrel 
51 A is formed with a casting or the like, and the inner 
barrels 51 B 1 to 51 B 4 are made of materials such as 
stainless (SUS) that are strong against degassing. A 
flange portion FLG is provided slightly below the center 
of the outer barrel 51 A in the height direction, and the 
projection optical system PL is supported with support- 
ing members (not shown in Figs.) via the flange portion 
FLG. 

[0130] The optical member cells C1 , C2, C3, and C4 
are fixed on the inner circumference surface of the inner 
barrels 51B 1t 51 B2, 51 83, and 51 B 4 , respectively. The 
optical member cells C1 , C2, C3, and C4 comprise lens- 
es LI, L2, L3, and L4 serving as optical members, and 
lens holding devices for holding the lenses L1 , L2, L3, 
and L4 (which will be referred to later). 
[0131] Fig. 3 shows a disassembled perspective view 
of an optical member cell C3, which structures the pro- 
jection optical system PL in Fig. 2, while Fig. 4A shows 
a planar view of the optical member cell C3 and Fig. 4B 
shows a sectional view of the line A-A in Fig. 4A. 
[0132] As is shown in Figs. 3, 4A, and 4B, the optical 
member cell C3 comprises a lens L3, and a lens holding 
metallic part 25 serving as a holding member for holding 
the lens L3 in which the lens L3 can be inserted. 
[0133] On the lens L3, a flange portion 80 is provided 
on the outer periphery in the center portion in the height 
direction. As the lens L3, lenses made of materials that 
have good transmittance to vacuum ultraviolet light such 
as the F 2 laser beam are used, like fluorite or fluoride 
crystal such as lithium fluoride. In this case, as a range 
which satisfies both viewpoints of the manufacturing 
possibility of the lens L3 and its deformation suppres- 
sion, the thickness of the flange portion 80 in the optical 
axis direction is to be around 5mm or around 1/1 0 times 
to 2/3 times the thickness of the outer periphery of por- 
tions other than the flange portion 80 of the lens L3. 
[0134] The lens holding metallic part 25 is a hollow 
cylindrical shape, and on the inner circumference sur- 
face of the lens holding metallic part 25 spaced at an 
angle of approximately 1 20° , three supporting members 
22a, 22b, and 22c, which sectional shape in the XY 
plane is almost a trapezoid, project inward. The upper 
surface of the supporting members 22a, 22b, and 22c 
is a supporting surface parallel to the XY plane, and the 
supporting surface supports the lens L3 at three points 
via the flange portion 80. In this case, the most interior 
surface of the supporting members 22a, 22b, and 22c, 
that is, surfaces 91 , 92, and 93, which are surfaces be- 
low the flange portion 80 facing the outer periphery sur- 
face of the lens L3, are curved surfaces corresponding 
to the arcuated shape of the outer periphery surface of 



the lens L3. 

[01 35] In addition, portions each facing the supporting 
members 22a, 22b, and 22c provided on the upper sur- 
face of the flange portion 80, are pressured downward 
with clamping members 52a, 52b, and 52c, which are 
fixed to the lens holding metallic part 25 with bolts 54a, 
54b, and 54c, respectively. 

[0136] That is, the lens L3 is fixed to the lens holding 
metallic part 25, with the flange portion 80 on the outer 
periphery of the tens L3 clamped in between the sup- 
porting members 22a, 22b, and 22c and the clamping 
members 52a, 52b, and 52c. In this case, the movement 
of the lens L3 is restricted in three degrees of freedom 
in the optical axis direction AX (movement in the Z, 6x, 
and 0y directions) by the clamping force of the clamps 
52a to 52c, and the movement in the directions of the 
remaining three degrees of freedom (movement in the 
X, Y, and 62 directions) is restricted by the friction be- 
tween the flange portion 80, the supporting members 
22a, 22b, and 22c, and the clamping members 52a, 52b, 
and 52c. 

[01 37] Further, the reason for employing the structure 
referred to above that require support at three points is 
because the lens, which is the object of support, can 
easily be attached to the lens holding metallic part and 
stresses due to vibration, temperature change, posture 
change, and the like on the lens and the lens holding 
metallic part can be reduced most effectively after the 
lens is attached. 

[0138] In addition, on the upper edge portion of the 
inner circumference surface of the lens holding metallic 
part 25, a step portion 49 is formed. And, a gap, which 
is made between the step portion 49 (in between the 
outer periphery of the flange portion 80 and the lens 
holding metallic part 25) when the lens holding metallic 
part 25 is holding the lens L3, is filled with filler 56. The 
filler 56 is a seal member that increases air-tightness, 
and besides filler member (adhesive) such as silicon, 
packing such as rubber or a combination of both may 
be used for it. By putting the filler 56 in the gap described 
above, it prevents the lens L3 from shifting sideways, as 
well as prevents the core of the lens L3 from shifting 
against the lens holding metallic part 25. 
[0139] As the seal member for increasing air-tight- 
ness, it is preferable to use a resinous material or an 
adhesive which substance that causes the lens to cloud 
is set below a constant value. In the embodiment, for 
example, it is preferable to use fluorinated rubber that 
has gone through the degassing process (degassing 
process, here, for example, refers to heat-treatment for 
2 hours at a temperature of 80°C) as the resinous ma- 
terial, or as the adhesive, it is preferable to use an ad- 
hesive which total amount of siloxane, trimethylsilanol, 
ammonia, ammine complex, and hydrocarbon does not 
exceed 1uJcg/kg when heat-treated for an hour in 60°c 
of nitrogen. 

[01 40] As is obvious from the description so far, in the 
embodiment, a lens holding device is configured serving 
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as a holding device which holds a lens L3 serving as an 
optical member with a lens holding metallic part 25, 
clamping members 52a, 52b, and 52c, bolts 54a, 54b, 
and 54c, and filler 56. 

[0141] As it is described above, in the embodiment, 5 
the lens L3 is clamped with the clamping members 52a, 
52b, and 52c and the lens holding metallic part 25 in a 
state where the flange portion 80 is pressurized by the 
clamping members 52a, 52b, and 52c. In this case, the 
flange portion 80 is arranged on the outer periphery por- 10 
tion of the center in the direction of the optical axis AX 
of the lens L3, that is, arranged on the periphery of a 
neutral plane where there is no compressive strain and 
tensile strain caused by the bending of the lens L3 (de- 
scribed in a dotted line in Fig. 4B). This keeps the clamp- w 
ing force working on the flange portion 80 from affecting 
the other parts of the lens L3 to the utmost, and at the 
same time, since the neutral plane is a surface farthest 
from the optical surface of the lens L3, the deformation 
of the optical surface due to the force acting on the 20 
flange portion 80 is reduced to the minimum. 
[0142] Furthermore, in this case, since the thickness 
of the flange portion 80 in the optical axis direction is 
around 5mm or around 1/1 0 times to 2/3 times the thick- 
ness of the outer periphery of portions other than the 25 
flange portion 80 of the lens L3, this satisfies both of the 
following viewpoints; the simplicity when producing the 
lens L3, and suppressing the deformation of the lens L3. 
The thickness of the flange portion 80 is preferably to 
be as thin as possible, while covering a range where the 30 
weight of the lens L3 itself can be sufficiently supported 
and the lens L3 can also be easily made. 
[0143] Accordingly, deformation occurring on the op- 
tical surface, which is on both sides of the optical axis 
direction of the lens L3, is reduced to a level that can 35 
almost be neglected, and thus it is possible to suppress 
deterioration of the optical performance to the utmost. 
[0144] The other lenses, L1 , L2, and L4 also have a 
flange portion formed like the lens L3, and are similarly 
held by the lens holding device configured in a similar *o 
manner to the one described above. Accordingly, defor- 
mation of the optical surface of the lenses L1 , L2, and 
L4 is suppressed to the utmost, as it is with the lens L3. 
[0145] Referring back to Fig. 2, in between the optical 
member cells adjacent in the direction of the optical axis *& 
AX, that is, between optical member cells C1 and C2, 
optical member cells C2 and C3, and optical member 
cells C3 and C4, sealed chambers S1 , S2, and S3 are 
formed, respectively. 

[0146] As is shown in Fig. 2, the sealed chamber S1 50 
is divided by cylindrical inner barrels 51 B 1 , 51 and op- 
tical member cells C1, C2. In Fig. 2, in a wall on the -X 
side of the inner barrel 51 B 1 dividing the sealed cham- 
ber S1 and also the cylindrical outer barrel 51 A facing 
the wall, a gas supply vent 45A is formed. To this gas 55 
supply vent 45A, one end of a gas supplying route 30A 
is connected via a gas joint 53A, whereas the other end 
of the gas supplying route 30A is connected to one end 



of a gas supply unit 31 (not shown in Fig. 2, refer to Fig. 
5) via a fourth pump P4 (also not shown in Fig. 2, refer 
to Fig. 5). And, in the vicinity of the gas joint 53A of the 
gas supplying route 30A, a flow control valve 48A is pro- 
vided. The manner in which the main controller 70 con- 
trols the flow control valve 48A will be described later 
on in the description. 

[01 47] Meanwhile, in a wall on the +X side of the inner 
barrel 51 B 2 dividing the sealed chamber S1 and also in 
the cylindrical outer barrel 51 A facing this position, a gas 
exhaust vent 45B is formed. To this gas exhaust vent 
45B, one end of a gas exhausting route 30D is connect- 
ed via a gas joint 53B, whereas the other end of the gas 
exhausting route 30D is connected to the other end of 
the gas supply unit 31 . 

[0148] In addition, at a position above the gas exhaust 
vent 45B in the inner barrel 51 B2 and in the cylindrical 
outer barrel 51 A facing the gas exhaust vent 45B, a pen- 
etrating hole 45C is formed, and on the outer side of the 
penetrating hole 45C a pressure sensor 60A which 
measures the internal pressure within the sealed cham- 
ber S1 is arranged. The output of the pressure sensor 
60A is sent to the main controller 70. 
[0149] As is shown in Fig. 2, the sealed chamber S2 
is divided by cylindrical in ner barrels 51 B^ 51 B3 and op- 
tical member cells C2, C3. In Fig. 2, in a wall on the -X 
side of the inner barrel 51 B2 dividing the sealed cham- 
ber S2 and also in the cylindrical outer barrel 51 A facing 
this position, a gas supply vent 45D is formed. To this 
gas supply vent 45D, one end of a gas supplying route 
30B is connected via a gas joint 53C, whereas the other 
end of the gas supplying route 30B is connected to one 
end of the gas supply unit 31 (not shown in Fig. 2, refer 
to Fig. 5) via the fourth pump P4 (also not shown in Fig. 
2, refer to Fig. 5). And, in the vicinity of the gas joint 53C 
of the gas supplying route 30B, a flow control valve 48B 
is provided. The manner in which the main controller 70 
controls the flow control valve 48B will be described later 
on in the description. 

[01 50] Meanwhile, in a wall on the +X side of the inner 
barrel 51 B 3 dividing the sealed chamber 52 and also in 
the cylindrical outer barrel 51 A facing this position, a gas 
exhaust vent 45F is formed. To this gas exhaust vent 
45 F, one end of a gas exhausting route 30 E is connected 
via a gas joint 53D, whereas the other end of the gas 
exhausting route 30 E is connected to the other end of 
the gas supply unit 31 . 

[0151] Furthermore, at a position above the gas ex- 
haust vent 45F in the inner barrel 51 B 3 and in the cylin- 
drical outer barrel 51 A facing the gas exhaust vent 45F, 
a penetrating hole 45E is formed, and on the outer side 
of the penetrating hole 45E a pressure sensor 60B 
which measures the internal pressure within the sealed 
chamber S2 is arranged. The output of the pressure 
sensor 60B is sent to the main controller 70. 
[0152] As is shown in Fig. 2, the sealed chamber S3 
is divided by cylindrical inner ban-els 51 B3, 51 B 4 and op- 
tical member cells C3, C4. In Fig. 2, in a wail on the -X 
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side of the inner barrel 51 B3 dividing the sealed cham- 
ber S3 and also in the cylindrical outer barrel 51 A facing 
this position, a gas supply vent 45G is formed. To this 
gas supply vent 45G, one end of a gas supplying route 
30C is connected via a gas joint 53E, whereas the other 
end of the gas supplying route 30C is connected to one 
end of the gas supply unit 31 (not shown in Fig. 2, refer 
to Fig. 5) via the fourth pump P4 (also not shown in Fig. 
2, refer to Fig. 5). And, in the vicinity of the gas joint 53E 
of the gas supplying route 30C, a flow control valve 48C 
is provided. The manner in which the main controller 70 
controls the flow control valve 48C will be described later 
on in the description. 

[0153] Meanwhile, in a wall on the +X side of the inner 
barrel 51 B 4 dividing the seated chamber S3 and also in 
the cylindrical outer barrel 51 A facing this position, a gas 
exhaust vent 45I is formed. To this gas exhaust vent 451, 
one end of a gas exhausting route 30F is connected via 
a gas joint 53F, whereas the other end of the gas ex- 
hausting route 30F is connected to the other end of the 
gas supply unit 31 . 

[0154] In addition, at a position above the gas exhaust 
vent 45! in the inner barrel 51 B 4 and in the cylindrical 
outer barrel 51 A facing the gas exhaust vent 45I, a pen- 
etrating hole 45H is formed, and on the outer side of the 
penetrating hole 45H a pressure sensor 60C which 
measures the internal pressure within the sealed cham- 
ber S3 is arranged. The output of the pressure sensor 
60C is sent to the main controller 70. 
[01 55] Furthermore, in the gas supplying routes 30A, 
30B, and 30C, and the gas exhausting routes 30D, 30E, 
and 30F, air filters for removing particles (not shown in 
Figs.) and chemical filters for removing absorptive gas 
such as oxygen (also not shown in Figs.) are each pro- 
vided. 

[0156] Fig. 5 is a block diagram showing a main con- 
figuration of a control system for the exposure apparatus 
1 0Orelated to the present embodiment. The center of the 
control system is the main controller 70, which consists 
of a microcomputer (or a workstation) configured with 
parts such as a CPU (center processing unit), a ROM 
(read only memory), and a RAM (random access mem- 
ory). The main controller 70 has control over the whole 
apparatus. Accordingly, the main controller 70 controls 
the gas environment of each sealed chamber within the 
projection optical system PL in the following manner. 
[0157] That is, the main controller 70 opens all the 
flow control valves 48A to 48C and operates the fourth 
pump P$, based on instructions from an operator when 
initial gas replacement is performed at the start-up of 
the apparatus. This allows the low absorptive gas to be 
provided from the gas supply unit 31 to the inside of the 
sealed chambers S1 S2, and S3 via the gas supplying 
routes 30A, 30B, and 30C, respectively, while internal 
gases of the sealed chambers S1 , S2. and S3 are re- 
turned to the gas supply unit 31 via the gas exhausting 
routes 30D, 30E, and 30F, respectively. In other words, 
initial gas replacement of the sealed chambers S1 , S2, 



and S3 is performed in this manner. 
[01 58] On such initial gas replacement, the main con- 
troller 70 monitors the measurement values of the pres- 
sure sensors 60A, 60B, and 60C at all times. And, based 

5 on the measurement values, pressure difference be- 
tween the adjacent sealed chambers, (S1 , S2) and (S2, 
S3), is obtained, and the main controller 70 suitably con- 
trols the degree of opening of the flow control valves 
48A to 48C so that the pressure difference is maintained 

10 within a range set in advance. The permissible range of 
pressure difference, in this case, for example, may be a 
range where neitherthe lenses L2 nor L3 are dislodged. 
As a matter of course, the main controller 70 can control 
the flow control valves 48A to 48C so that the internal 

15 pressure in the sealed chambers S1 , S2, and S3 are all 
almost even, that is, the pressure difference is almost 
zero. 

[01 59] The main controller 70 may judge the comple- 
tion of the initial gas replacement in which the concen- 

20 tration of the absorptive gas in the gas inside the sealed 
chambers S1 to S3 falls under several ppm, based on 
a timer or the like (not shown in Figs.), or it may judge 
the completion based on detection values of a gas sen- 
sor (such as an oxygen concentration sensor; not shown 

25 in Figs.). 

[01 60] When the initial gas replacement is completed 
in this manner, the main controller 70 sets the degree of 
opening of the flow control valves 48A to 48C at a pre- 
determined degree. And from then onward, at all times, 

30 the main controller 70 obtains the pressure difference 
between the adjacent sealed chambers, (S1 , S2) and 
(S2, S3), while monitoring the output of the pressure 
sensors 60A, 608, and 60C, and controls the degree of 
opening of the flow control valves 48 A to 48C as appro- 

35 priate so that the difference in pressure does not exceed 
the range set in advance. That is, in the embodiment, 
the flow control valves 48A to 48C and the main control- 
ler 70 which controls the flow control valves based on 
the output of the pressure sensors 60A, 60B, and 60C 

40 make up a flow control unit, and the flow control unit and 
the pressure sensors 60A to 60C make up a control sys- 
tem for controlling the low absorptive gas environment 
in each sealed chamber to avoid pressure difference be- 
tween the adjacent sealed chambers, (S1 , S2) and (S2, 

45 S3). 

[0161] In this manner, the main controller 70 controls 
the flow control valves 48A to 48C during the operation 
of the fourth pump P4 and creates a continuous flow of 
low absorptive gas within the sealed chambers S1 to 

so S3, as well as circulates the low absorptive gas. The low 
absorptive gas is circulated for a long period of time. In 
this case, however, there is almost no adverse effect on 
exposure even when the low absorptive gas is circulated 
for a long time, because the air filters and chemical filters 

55 provided in the gas supplying routes 30A to 30C and 
exhausting routes 30D to 30F remove almost all the ab- 
sorptive gas in the circulated gas. 
[0162] In addition, since the upper edge surface of the 
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projection optical system PL is connected seamlessly to 
the reticle chamber 15 and the lower edge surface of 
the projection optical system PL is connected seamless- 
ly to the wafer chamber 40, internal pressure of the ret- 
icle chamber 1 5 andwaf er chamber 40 may also be con- 5 
trolled so that the lenses L1 and L4 are not floating out 
of its setting. This control is based on the pressure within 
the reticle chamber 1 5 measured with the pressu re sen- 
sor PS2 and the pressure within the sealed chamber S 1 
measured with the pressure sensor 60A, and the pres- 
sure within the wafer chamber 40 measured with the 
pressure sensor PS3 and the pressure within the sealed 
chamber S3 measured with the pressure sensor 60C. 
This prevents the lenses L1 and L4 from being damaged 
or deformed, and the lenses L1 and L4 can be held in a 
stable manner. 

[0163] Furthermore, in the case when concentration 
of low absorptive gas needs to differ (when a different 
purge accuracy is required) within the sealed chambers 
S1 , S2, and S3 referred to above, the main controller 70 
may decide to adjust the flow control valve based on not 
only the output of the pressure sensors but also on the 
output of both the pressure sensors and the gas sensors 
which are capable of measuring the concentration of low 
absorptive gas such as oxygen or ozone. 
[0164] The reason for not creating a vacuum inside 
the barrel of the projection optical system PL is because 
in the case a vacuum is created, large pressure differ- 
ence occurs inside and outside the barrel, therefore, the 
barrel will require a strong structure to withstand the 
pressure difference. This causes the barrel to be heavier 
and larger, leading to an increase in the size of the de- 
vice. Again, in this case, if the increase in weight were 
allowed, a method of decompressing the interior of the 
projection optical system P1 on initial gas replacement, 
and then filling the interior with low absorptive gas can 
be employed. 

[0165] Exposure operations of the exposure appara- 
tus 100 configured in the manner described above are 
described next, referring to Figs. 1 and 5. The descrip- 
tion focuses on control operations of the main controller 
70. 

[0166] As a premise, various conditions for exposure 
are set in advance to perform scanning exposure on the 
shot areas on the wafer W at an appropriate exposure 
amount (target exposure amount). Also, preparatory op- 
erations such as reticle alignment and baseline align- 
ment using a reticle microscope (not shown in Figs.) and 
an off-axis alignment sensor (also not shown in Figs.) 
are performed. When these are completed, fine align- 
ment (EGA (Enhanced Global Alignment) and the like) 
of the wafer W using an alignment sensor is performed, 
and the position of a plurality of shot areas (arrangement 
coordinates) on the wafer W is obtained. 
[0167] Preparatory operations such as the reticle 
alignment and the baseline alignment are disclosed in 
detail in, for example, Japanese Patent Laid Open No. 
04-324923 and the corresponding U.S. Patent No. 



5,243,195. The EGA that follows is disclosed in detail 
in, for example, Japanese Patent Laid Open No. 
61-44429 and the corresponding U.S. Patent No. 
4,780,617. As long as the national laws in designated 
states or elected states, to which this international ap- 
plication is applied, permit, the disclosures cited above 
are fully incorporated herein by reference. 
[01 68] When preparatory operations for exposure on 
the wafer W are completed in this manner, based on the 
alignment results, the main controller 70 moves the wa- 
fer stage WST to the starting position for scanning ex- 
posure (acceleration starting position) of a first shot (the 
first shot area) on the wafer W via the wafer driving sys- 
tem 47 while monitoring the measurement values of the 
X-axis laser interferometer 37X and Y-axis laser inter- 
ferometer 37Y. 

[0169] Then, the main controller 70 starts scanning 
the reticle stage 14 and the wafer stage WST in the X 
direction, and when the reticle stage 14 and the wafer 
stage WST both reach their target scanning velocity the 
exposure light EL begins to illuminate the pattern area 
of the reticle R, thus, the scanning exposure begins. 
[01 70] Prior to the scanning exposure, the light source 
1 starts emission. The main controller 70, however, syn- 
chronously controls the movement of each blade of the 
movable reticle blind making up the reticle blind mech- 
anism BL and the movement of the reticle stage 14. 
Therefore, the irradiation of the exposure light EL onto 
areas other than the pattern area is avoided, as is with 
the scanning steppers in general. 
[0171] The main controller 70 synchronously controls 
the reticle stage 14 and the wafer stage WST so that 
especially during the scanning exposure described ear- 
lier, the movement velocity Vr of the reticle stage 14 in 
the X-axis direction and the movement velocity Vw of 
the wafer stage WST in the X-axis direction is main- 
tained at a velocity ratio which corresponds to the pro- 
jection magnification p of the projection optical system 
PL 

[0172] Then, different pattern areas of the reticle R 
are sequentially illuminated with the ultraviolet pulse 
light, and by completing the illumination of the entire pat- 
tern area, the scanning exposure of the first shot on the 
wafer W is completed. Thus, the circuit pattern formed 
on the reticle R is reduced and transferred onto the first 
shot via the projection optical system PL. 
[0173] When scanning exposure on the first shot is 
completed in this manner, the main controller 70 steps 
the wafer stage WST in the X-axis and Y-axis directions 
so that the wafer stage WST is moved to the starting 
position for scanning exposure (acceleration starting 
position) of a second shot (the second shot area) . Upon 
this stepping operation, the main controller 70 measures 
the positional deviation of the wafer stage WST in the 
X, Y, and 6z direction realtime, based on the measure- 
ment values of the laser interferometer 37X and 37Y on 
the waterside. And based on the measurement results 
the main controller 70 controls the position of the wafer 
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stage WST, so that the XY positional deviation is set at 
a predetermined state. 

[0174] In addition, based on the deviation information 
of the wafer stage WST in the Gz direction, the main con- 
troller 70 rotatably controls the reticle holder 14B on the 
reticle stage 14 to compensate for the rotational devia- 
tion error on the wafer W side. 
[0175] Then, the main controller 70 performs scan- 
ning exposure likewise as above on the second shot. 
[0176] In this manner, scanning exposure of the shot 
area on the wafer W and stepping operations to expose 
the following shot area is repetitively performed, and the 
circuit pattern of the reticle R is sequentially transferred 
onto the entire shot areas subject to exposure on the 
wafer W. 

[0177] When scanning exposure is performed on 
each shot area on the wafer W, since the inside of the 
barrel (in the sealed chambers S1 to S3) of the projec- 
tion optical system PL is replaced with low absorptive 
gas in advance so that the optical properties can be 
brought to full scope, and furthermore, since the image 
forming characteristics of the projection optical system 
PL do not deteriorate with the elapse of time during 
scanning exposure, deterioration of the pattern trans- 
ferred onto the wafer W can be avoided. 
[01 78] Therefore, as it is described so far, with the ex- 
posure apparatus 1 00 in the embodiment, since the pat- 
tern of the reticle R is transferred onto the wafer W in 
the manner above via a projection optical system PL 
which image forming characteristics are favorably main- 
tained, the pattern of the reticle can be transferred onto 
the wafer with high precision for a long period of time. 
[0179] In addition, since exposure is performed in a 
state where the optical path of the exposure light EL 
from the light source 1 to the surface of the wafer W is 
entirely replaced with low absorptive gas which absorbs 
little of the exposure light EL, transmittance (or reflect- 
ance) of the energy beam entering the illumination op- 
tical system IOP and the projection optical system PL 
can be maintained at a high level and it becomes pos- 
sible to control the exposure amount at a high precision 
for a long period of time. Also, since vacuum ultraviolet 
light is used as the exposure light EL, resolution of the 
projection optical system PL can be improved. Accord- 
ingly, it becomes possible to accurately transfer the ret- 
icle pattern on the wafer for a long period of time. 
[0180] Now, although it is not pointed out specifically 
in the description above, temperature adjustment is per- 
formed inside the illumination system housing 2, the ret- 
icle chamber 16, the barrel 50 of the projection optical 
system PL, the wafer chamber 40, and the like at the 
same level of accuracy as the environmental chamber 
(not shown in Figs.). Also, although it is not specified 
above, portions such as the illumination system housing 
2 where the low absorptive gas is directly in contact Is 
preferably made of material such as stainless (SUS) , 
which is strong against degassing, likewise with the bar- 
rel 50 of the projection optical system PL, and the par- 



tition wall of the reticle chamber 1 5 and the wafer cham- 
ber 40. Or, the surface of the portion where the low ab- 
sorptive gas is directly in contact, such as the illumina- 
tion system housing 2, the reticle chamber 1 5, the barrel 

5 50 of the projection optical system PL, and the wafer 
chamber 40, may be coated with material such as fluor- 
inated resin which does not generate absorptive gas 
such as hydrocarbon due to degassing. 
[0181] Further, in the embodiment, the case has been 

10 described where a continuous flow of low absorptive gas 
is created within the sealed chambers S1 S2, and S3. 
The present invention, however, is not limited to this, 
and the inside of the sealed chambers S1 , S2, and S3 
may be maintained at a predetermined pressure by con- 

15 trolling the opening/closing of gas supply valves and ex- 
haust valves in a manner similar with the case such as 
the illumination optical system. 

•Second Embodiment » 

20 

[01 82] A second embodiment of the present invention 
is described next, referring to Fig. 6. Structures and 
components identical or equivalent to those described 
in the first embodiment are designated with the same 

25 reference numerals, and the description thereabout is 
briefly made or is entirely omitted. 
[0183] In the second embodiment, configuration of 
the projection optical system serving as an optical de- 
vice is different from the first embodiment. Other por- 

30 tions are identical with the first embodiment; therefore, 
the following description will be made focusing on this 
difference. 

[0184] Fig. 6 schematically shows a longitudinal sec- 
tional view of a projection optical system PL1 related to 

35 the second embodiment. The projection optical system 
PL1 is similar to the projection optical system PL in the 
first embodiment except for the part that the pressure 
sensors 60A, 60B, and 60C and the flow control valves 
48A, 48B, and 48C connected to the sealed chambers 

40 S1 , S2, and S3 are removed, respectively, and that a 
pair of pressure adjustment valves 66A and 66B serving 
as pressure adjustment units are provided to the lens 
holding metallic part 25 configuring the partition wall be- 
tween the sealed chambers S1 and S2 and a pair of 

45 pressure adjustment valves 66C and 66D are provided 
to the lens holding metallic part 25 configuring the par- 
tition wall between the sealed chambers S2 and S3. 
[0185] In this embodiment, as the pressure adjust- 
ment valve 66A, a check valve which automatically 

50 opens the valve when the internal gas pressure of the 
sealed chamber S1 becomes higher than that of the 
sealed chamber S2, closes the valve when the pressure 
difference between both chambers becomes zero and 
continues to close the valve when the internal gas pres- 

55 sure of the sealed chamber S2 becomes higher than 
that of the sealed chamber S1 is used. 
[01 86] Also, as the pressure adjustment valve 66B, a 
check valve which automatically opens the valve when 
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the internal gas pressure of the sealed chamber S2 be- 
comes higher than that of the sealed chamber S1 , clos- 
es the valve when the pressure difference between both 
chambers becomes zero and continues to close the 
valve when the internal gas pressure of the sealed 
chamber S1 becomes higher than that of the sealed 
chamber S2 is used. 

[0187] In addition, as the pressure adjustment valve 
66C, a check valve which automatically opens the valve 
when the internal gas pressure of the sealed chamber 
S2 becomes higher than that of the sealed chamber S3, 
closes the valve when the pressure difference between 
both chambers becomes zero and continues to close 
the valve when the internal gas pressure of the seated 
chamber S3 becomes higher than that of the sealed 
chamber S2 is used. 

[0188] And, as the pressure adjustment valve 66D, a 
check valve which automatically opens the valve when 
the internal gas pressure of the sealed chamber S3 be- 
comes higher than that of the sealed chamber S2, clos- 
es the valve when the pressure difference between both 
chambers becomes zero and continues to close the 
valve when the internal gas pressure of the sealed 
chamber S2 becomes higher than that of the sealed 
chamber S3 is used. 

[0189] Accordingly, when low absorptive gas is circu- 
lated within the sealed chambers S1 S2, and S3 in the 
same manner as the first embodiment, the pair of pres- 
sure adjustment valves (check valves) 66A and 66B op- 
erate so as to automatically adjust the internal pressure 
of the sealed chambers S1 and S2 so that there is al- 
most no pressure difference between the sealed cham- 
bers S1 and S2, whereas the pair of pressure adjust- 
ment valves (check valves) 66C and 66D operate so as 
to automatically adjust the internal pressure of the 
sealed chambers S2 and S3 so that there is almost no 
pressure difference between the sealed chambers S2 
and S3. That is, the pressure adjustment valves 66A to 
66D automatically set the gas pressure inside the 
sealed chambers S1 , S2, and S3 so that the pressure 
is maintained at the same level at all times. In this man- 
ner, a control system for controlling the low absorptive 
gas environment in each sealed chamber is configured 
by the pressure adjustment valves (check valves) 66A 
to 66D in this embodiment so as to prevent pressure 
difference from occurring in between the adjacent 
sealed chambers. 

[0190] The remaining configuration of the projection 
optical system PL1 , as well as the configuration of other 
portions is similar to the first embodiment described ear- 
lier. 

[0191] With the second embodiment that has the con- 
figuration described above, the same effect as the first 
embodiment can be obtained without the pressure sen- 
sors and the flow control valves, therefore the flow con- 
trol using these parts is not necessary. Thus, the control 
algorithm can be simplified. 

[0192] In the second embodiment, the check valves 



were arranged only on the optical member cells C2 and 
C3 so that pressure difference did not occur in between 
adjacent sealed chambers. The present invention, how- 
ever, is not limited to this, and it is as a matter of course 

5 possible to arrange check valves on the optical member 
cells C1 and C4 so that the pressure difference between 
the reticle chamber 1 5 and the wafer chamber 40 where 
the projection optical system is connected is automati- 
cally adjusted, and the lenses L1 and L4 are free of dam- 

io age and deformation and are stably held. 

« Third Embodiment » 

[0193] A third embodiment of the present invention is 

15 described next, referring to Fig. 7. Structures and com- 
ponents identical or equivalent to those described in the 
first embodiment are designated with the same refer- 
ence numerals, and the description thereabout is briefly 
made or is entirely omitted. 

20 [0194] In the third embodiment, configuration of the 
projection optical system serving as an optical device is 
different from the first embodiment described earlier. 
Other portions are identical with the first embodiment; 
therefore, the following description will be made focus- 

25 ing on the difference. 

[0195] Fig. 7 schematically shows a longitudinal sec- 
tional view of a projection optical system PL2 related to 
the third embodiment. The projection optical system 
PL2 is similar to the projection optical system PL in the 

30 first embodiment except for the part that the pressure 
sensors and the flow control valves connected respec- 
tively to the sealed chambers are removed, and that di- 
aphragms 67A, 67B, 67C, and 67D serving as pressure 
adjustment units are provided to each of the lens holding 

35 metallic part 25 co nfigu ring the optical member cells C1 , 
C2, C3, and C4. 

[01 96] In the lens holding metallic part 25 configuring 
the optical member cells C1 , C2, C3, and C4, respec- 
tively, penetrating holes 68A, 68B, 68C, and 68D which 

40 axes are in the Z-axis direction and have a circular sec- 
tional shape are arranged. In these penetrating holes 
68A to 68D, diaphragms 67A, 67B, 67C, and 67D, which 
are made of rubber (or metal) and have flexibility, are 
fixed with close contact, respectively, so that gases do 

45 not pass through the penetrating holes 68A to 68D and 
flow in/out from the sealed chamber on the upper side 
to the sealed chamber on the lower side, as well as from 
the sealed chamber on the lower side to the sealed 
chamber on the upper side. 

so [0197] Following is a description of the operation of 
the diaphragms 67A, 67B, 67C, and 67D. For example, 
when the gas pressure inside the reticle chamber 1 5 be- 
comes larger than the sealed chamber S1 between the 
reticle chamber 15 and the sealed chamber S1 , the di- 

55 aphragm 67A bends in the direction to make the volume 
of the reticle chamber 1 5 larger and the sealed chamber 
S1 smaller. This reduces the gas pressure insidethe ret- 
icle chamber 15 and increases the gas pressure inside 



20 



39 



EP 1 279 984 A1 



40 



the sealed chamber S1 , thus reducing the pressure dif- 
ference between the reticle chamber 15 and the sealed 
chamber S1 . 

[01 98] On the contrary, when the gas pressure inside 
the reticle chamber 1 5 becomes smaller than the sealed 
chamber S1 , the diaphragm 67A bends in the direction 
opposite to the direction referred above to reduce the 
pressure difference between the reticle chamber 1 5 and 
the sealed chamber S1 . 

[0199] Accordingly, pressure difference between the 
reticle chamber 15 and the sealed chamber S1 is 
smoothly reduced by the deformation of the diaphragm 
67A. In this case, if the pressure difference between the 
reticle chamber 15 and the sealed chamber S1 is small, 
the pressure difference is dissolved by the deformation 
of the diaphragm 67A. 

[0200] The diaphragms 67B, 67C, and 67D operate 
likewise with the diaphragm 67A, and deform in direc- 
tions, respectively, to reduce the pressure difference be- 
tween the sealed chambers S1 and S2, the sealed 
chambers S2 and S3, and the sealed chamber S3 and 
the wafer chamber 40. Again, in this case, if the pressure 
difference between these chambers is small, the pres- 
sure difference is dissolved by the deformation of the 
diaphragms 67B, 67C, and 67D. 
[0201] As is obvious in the description so far, in this 
embodiment, a control system for controlling the low ab- 
sorptive gas environment in each sealed chamber is 
configured with the diaphragms 67A to 67D so as to pre- 
vent pressure difference from occurring in between the 
adjacent sealed chambers. 

[0202] The remaining configuration of the projection 
optical system PL2, as well as the configuration of other 
portions is similar to the first embodiment described ear- 
lier. 

[0203] With the third embodiment that has the config- 
uration described above, the same effect as the first em- 
bodiment can be obtained without the pressure sensors 
and the flow control valves, therefore the flow control 
using these parts is not necessary. Thus, the control al- 
gorithm can be simplified. 

« Fourth Embodiment *> 

[0204] A fourth embodiment of the present invention 
is described next, referring to Figs. 8 to 12. Structures 
and components identical or equivalent to those de- 
scribed in the first embodiment are designated with the 
same reference numerals, and the description therea- 
bout is briefly made or is entirely omitted. 
[0205] With the exposure apparatus related to the 
fourth embodiment, the projection optical system serv- 
ing as an optical device is configured differently from the 
first embodiment described earlier. Other portions are 
identical with the first embodiment; therefore, the follow- 
ing description will be made focusing on this difference. 
[0206] Fig. 8 schematically shows a perspective view 
of a projection optical system PL3 related to the fourth 



embodiment, and Fig. 9 shows a cross-sectional view 
of the projection optical system PL3 in the vicinity of the 
line B-B in Fig. 8. Fig. 1 0 also shows an end view of the 
sectioned part of the projection optical system PL3 sec- 

5 tioned along the line C-C in Fig. 9, whereas Fig. 11 
shows a sectional view of the projection optical system 
PL3 along the line D-D in Fig. 9. In Figs. 9 to 11 , however, 
for the sake of convenience and for a better understand- 
ing of the configuration visually, only the barrel and its 

10 inner configuration of the projection optical system PL3 
are shown in sectional views or end views of the sec- 
tioned part, and other parts such as piping systems are 
shown in external views. 

[0207] As it is obvious when referringcomprehensive- 

15 |y to the Figs. 8 to 1 1 , the projection optical system PL3 
comprises a cylindrical-shaped barrel 150, and a plural- 
ity of optical member cells C11, C12, C13, and C14 (in 
Fig. 8, however, only the positions of where the optical 
member cells are arranged are shown in a double dotted 

20 |jne; refer to Fig. 1 0 for details) arranged sequentially 
from the top to the bottom within the barrel 150 along 
an optical axis AX (the Z-axis direction), forming sealed 
chambers SI, S2, and S3 which serve as a plurality of 
inner space inside the barrel 150, and the like. 

25 [0208] As is shown in Fig. 10, the barrel 150 has a 
double structure, consisting of a cylindrical outer barrel 
151 A and cylindrical inner barrels 151B 1 to 151B 4 that 
are sequentially arranged inside the outer barrel 151 A 
along an optical axis direction AX (the Z-axis direction) 

30 from the top to the bottom and are integrated with the 
outer barrel l 51 A. The outer barrel 151 A is formed with 
a casting or the like, and the inner barrels 151B! to 
151B 4 are made of materials such as stainless (SUS) 
that are strong against degassing. A flange portion FLG 

35 is provided slightly below the center of the outer barrel 
151 A in the height direction, and the projection optical 
system PL3 is supported with supporting members (not 
shown in Figs.) via the flange portion FLG. 
[0209] The optical member cells C11 , C12, C13, and 

40 C1 4 are fixed on the inner circumference surface of the 
inner barrels 151 B 1( 151B2, 151B3, and 151B 4 , respec- 
tively. These optical member cells C11 , C12, C13, and 
C1 4 comprise lenses L11, L12, L13, and L1 4 serving as 
optical elements, and lens holding mechanisms H1 , H2, 

45 H3, and H4 for holding the lenses L11, L12, L13, and 
L14, respectively. 

[021 0] As the lenses L1 1 to L1 4, lenses made of ma- 
terials that have good transmittance to vacuum ultravi- 
olet light such as the F 2 laser beam are used, likefluorite 

50 or fluoride crystal such as lithium fluoride. And the lens- 
es L1 1 , L1 2, L1 3, and L1 4 are each held in close contact 
by corresponding lens holding mechanisms H1 , H2, H3, 
and H4 so that no gap exists between the lens holding 
mechanisms H1, H2, H3, and H4. In addition, the lens 

55 holding mechanisms H1 , H2, H3, and H4 are each fixed 
in close contact on the inner circumference surface of 
the inner barrels 151B 1f 151B2, 151B 3 , and151B 4 . 
[021 1 ] With such arrangements, in between the adja- 
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cent optical member ceils in the optical axis direction 
AX, that is, in between the optical member cells C1 1 and 
C12, the optical member cells C12 and C13, and the 
optical member cells C13 and 14, sealed chambers S1 , 
S2, and S3 are formed, respectively, inside the optical 
projection system PL3, which serve as inner spaces in 
a sealed state from the outside. 
[0212] More particularly, as is shown in Fig. 10, the 
sealed chamber S3 is divided by the inner barrels 1 51 B3 
and 151 84, and the optical member cells C13 and C14. 
As is shown in Fig. 9, three penetrating holes 57A 1t 
57A 2 , and 57A3 having a predetermined diameter d (d, 
for example, is around 6.35mm) are formed in the inner 
barrel 1 51 B3 and the outer barrel 1 51 A located outside 
the inner barrel 151 B 3 , extending in radial directions at 
a predetermined length at an angle of around 120 de- 
grees with the optical axis AX as the center. In addition, 
in the area close to these penetrating holes 57A^ t 57A 2 , 
and 57A 3 , penetrating holes SBA^ t 58^ and 58A 3 tnat 
have a predetermined diameter D (D, for example, is 
around 12.7mm) are formed almost in parallel, respec- 
tively. 

[0213] In this case, an end of gas supply piping 62A 1( 
62A2, and 62A3 is connected to the penetrating holes 
58A 1t 58A2, and 58A 3 , respectively, via a gas joint 84A 
from the outer portion side of the barrel 1 50. In this case, 
the penetrating holes 58A 1( 58 A^ and 58A3 make up a 
first supply opening that serves as a supply opening, 
and the penetrating holes SSA^ , 58A2, and 58A3 and the 
gas supply piping 62A 1 , 62A 2 , and 62A 3 each connected 
to the penetrating holes 58A 1p 58A 2> and 58A 3 make up 
a first supplying route, respectively. Accordingly, here- 
inafter in this description, the penetrating holes 58A 1f 
58A2, and 58A 3 are to be referred to as supply openings 
58A 1 ,58A 2 , and 58A3. 

[0214] In each of the penetrating holes 57A 1( 57A 2 , 
and 57A 3 , base end portions of convergent nozzles 
(hereinafter referred to as a "nozzle") 88Ai, 88A 2 , and 
88A 3 are inserted, respectively. To the base end side of 
the nozzles 88A 1t 88 Ag, and 88A3, gas supply piping 
61 A 1 , 61 A2, and 61 A 3 are connected via a gas joint 83A, 
respectively. That is, in this embodiment, the nozzles 
88A 1( 88A 2 , and 88A 3 and gas supply piping 61A 1( 
61 A 2 , and 61 A 3 make up a second supplying route, re- 
spectively. 

[0215] As is shown in Fig. 11 , a supply opening 23A 
consisting of a circular opening with a small diameter, 
which serves as a second supply opening, is formed on 
the tip surface of the nozzle 88A-J. The supply opening 
23A is arranged in the vicinity of the optical path of the 
exposure light EL (on the optical path of the effective 
beam) in between the space between the lenses L13 
and L14. The remaining nozzles 88A2 and 88A3 also 
have an identical structure, and is also identically ar- 
ranged in the vicinity of the optical path of the exposure 
light EL (on the optical path of the effective beam) in 
between the space between the lenses L13 and L14. 
[021 6] The other end of each of the gas supply piping 



6^, 6^, and 61A 3 are connected to one end of a 
gas supply unit 31 (not shown in Fig. 9, refer to Fig. 12) 
via a fourth pump P4 (also not shown in Fig. 9, refer to 
Fig. 12). Similarly, the other end of each of the gas sup- 
5 ply piping 62A 1 , 62A2, and 62A 3 are connected to one 
end of the gas supply unit 31 (not shown in Fig. 9, refer 
to Fig. 12) via a fifth pump P5 (also not shown in Fig. 9, 
refer to Fig. 12). 

[021 7] Meanwhile, a plurality of gas exhaust vents are 

10 formed in the inner barrel 151 B 4 dividing the sealed 
chamber S3 and also in the cylindrical outer barrel 1 51 A 
located on the outside of the inner barrel 151 B 4 , the 
vents being two types that have different diameters. 
More particularly, as is shown in Fig. 9, in the cylindrical 

15 outer barrel 151 A and the inner barrel 1 51 B 4 , three gas 
exhaust vents 55A 1( 55A 2 , and 55A3 that have a diam- 
eter e (e, for example, is around 6 mm) are respectively 
formed, spaced 120 degrees apart with the optical axis 
AX as the center and at positions where the X Y positions 

20 are point symmetry with respect to the penetrating holes 
57A 1f 57A 2 , and 57A 3 and the optical axis AX. In addi- 
tion, in the area close to these gas exhaust vents 55A 1 
to 55A3, gas exhaust vents 59A^, 59A2, and 59A 3 that 
have a diameter D (D, for example, is around 12.7mm) 

25 are formed almost in parallel, respectively. 

[0218] Furthermore, an end of gas exhaust piping 
94A 1 , 94A2, and 94A3 that have a diameter d are each 
connected to the gas exhaust vents 55Aj, 55A 2 , and 
55A3, respectively, via a gas joint 63A. The other end of 

30 the gas exhaust piping 94A 1 to 94A 3 are each connected 
to the other end of the gas supply unit 31 via a first vac- 
uum pump VP1 (not shown in Fig. 9, refer to Fig. 12). 
[021 9] Meanwhile, an end of gas exhaust piping 95A t , 
95A2, and 95A 3 that have a diameter D are each con- 

35 nected to the gas exhaust vents 59 A! , 59 Ag, and 59 A3, 
respectively, via a gas joint 64A. The other end of the 
gas exhaust piping 95Aj to 95^ are each connected to 
the other end of the gas supply unit 31 via a second vac- 
uum pump VP2 (not shown in Fig. 9, refer to Fig. 12). 

40 [0220] That is, in this embodiment, a gas exhausting 
route is made up with the gas exhaust vents 55A t to 
55A3 and the gas exhaust piping 94A 1 to 94A 3 , and the 
gas exhaust vents S9A^ to 59A 3 and the gas exhaust 
piping 95 A t to 95A 3 . 

45 [0221] The sealed chamber S2 is divided by the inner 
barrels 151 B 2 and 151B 3 , and the optical member cells 
C12 and C13, as is shown in Fig. 10. As can be easily 
imagined from Figs. 10 and 11, in the inner barrels 
island 151 B$ and the outer barrel 1 51 A located out- 

50 side the inner barrels 1 51 B 2 and 1 51 Bg, three penetrat- 
ing holes 573^ to 573$ having a diameter d (however, 
penetrating holes 57B2 and 57B3 are omitted in the 
drawings), three supply openings 58B 1 to 58B3 that 
have a diameter D serving as a first supply opening 

55 (however, the supply opening 58B 2 is omitted in the 
drawings), three gas exhaust vents 55 B 1 to 55 B 3 having 
a diameter e (however, the gas exhaust vent 55B 2 is 
omitted in the drawings), and three gas exhaust vents 
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59B, to 59B3 having a diameter D (however, the gas 
exhaust vent 59B2 is omitted in the drawings) are 
formed in an arrangement identical to the sealed cham- 
ber S3 previously described. 
[0222] As is shown in Fig. 11, in each of the penetrat- 
ing holes 57a,, 57B2, and 57B3, the edge portion oppo- 
site to the tip portion of nozzles 888^ 888^ and 88B3 
are inserted, respectively (however, the nozzle 88B2 is 
omitted in Fig. 11). To the opposite side of each tip por- 
tion of the nozzles 8QB V 88B2, and 8883, gas supply 
piping 61 B^ 61 B2, and 6183, which are shown in Fig. 
8, are connected via a gas joint 83B, respectively. That 
is, in this embodiment, the nozzles 88B 1 to 88B3 and 
gas supply piping 61 Bj to 61 B3 make up a second sup- 
plying route, respectively. 

[0223] As is shown in Fig. 11, a supply opening 23B 
consisting of a circular opening with a small diameter, 
which serves as a second supply opening, is formed on 
the tip surface of the nozzle 88B 1( The supply opening 
23B is arranged in the vicinity of the optical path of the 
exposure light EL (on the optical path of the effective 
beam) in between the space between the lenses L12 
and L13. The remaining nozzles 88B 2 and 88B3 also 
have an identical structure, and the supply openings are 
each identically arranged in the vicinity of the optical 
path of the exposure light EL (on the optical path of the 
effective beam) in between the space between the lens- 
es L1 2 and L1 3. In this case, since the nozzles 88B 1 to 
88B3 are arranged away from the pupil surface of the 
projection optical system PL3, the sectional shape of the 
optical path of the exposure light EL is not circular. 
Therefore, the tip surface of the nozzles SSB^ to 88B3 
is arranged at a position where the supply opening 23B 
of each nozzle is set as close as possible to the optical 
path, in correspondence with the sectional shape of the 
optical path. 

[0224] An end of gas supply piping 62B 1s 62B 2 , and 
62B 3 are each connected to the three supply openings 
5&Bi to 58B3, as is shown in Fig. 8, respectively, via a 
gas joint 848 from the outer portion side of the barrel 
150. In this case, the supply openings 58B 1t 58B2, and 
58B 3 and the gas supply piping 62B V 62^ and 62B3 
each connected to the supply openings 58B^ , SSBg, and 
58B 3 make up a first supplying route, respectively. 
[0225] The other end of each of the gas supply piping 
61 B 1( 61 B2, and 61 B3 are connected to one end of a 
gas supply unit 31 (not shown in Fig. 8, refer to Fig. 12) 
via a fourth pump P4 (also not shown in Fig. 8, refer to 
Fig. 1 2). Similarly, the other end of each of the gas sup- 
ply piping 62B 1f 62B2, and 62B 3 are connected to one 
end of the gas supply unit 31 (not shown in Fig. 8, refer 
to Fig. 12) via a fifth pump P5 (also not shown in Fig. 8, 
refer to Fig. 12). 

[0226] In addition, an end of gas exhaust piping 94B 1t 
94B 2 , and 94B$ that have a diameter d and are shown 
in Fig. 8 (however, the gas exhaust piping 94B3 is not 
shown in the drawings) are each connected to the gas 
exhaust vents 55B V 55B2, and 5583, respectively, via 



a gas joint 63B. The other end of the gas exhaust piping 
94B t to 94Bs are each connected to the other end of the 
gas suppfy unit 31 via a first vacuum pump VP1 (not 
shown in Fig. 8 f refer to Fig. 12). 

5 [0227] Meanwhile, an end of gas exhaust piping 95BJ , 
95B2, and 95B3 that have a diameter D and are shown 
in Fig. 8 (however, the gas exhaust piping 95B3 is not 
shown in the drawings) are each connected to the gas 
exhaust vents 59B 1( 59B2, and 59B3, respectively, via 

10 a gas joint 64B. The other end of the gas exhaust piping 
95B 1 to 95B3 are each connected to the other end of the 
gas supply unit 31 via a second vacuum pump VP2 (not 
shown in Fig. 8, refer to Fig. 12). 
[0228] The sealed chamber S1 is divided by the inner 

15 barrels 151 B-, and 151 B2, and the optical member cells 
C11 and C12, as is shown in Fig. 10. As can be easily 
imagined from Figs. 10 and 11, in the inner barrels 
1 51 B 1 and 1 51 Bg and the outer barrel 1 51 A located out- 
side the inner barrels 1 51 Bj and 1 51 B2, three penetrat- 

20 ing holes 57C n to 57C 3 having a diameter d (however, 
penetrating holes 57C 2 and 57C 3 are omitted in the 
drawings), three supply openings 58^ to 58C 3 that 
have a diameter D serving as a first supply opening 
(however, the supply opening 58C 2 is omitted in the 

25 drawings), three gas exhaust vents 55C, to55C 3 having 
a diameter e (however, the gas exhaust vent 55C 2 is 
omitted in the drawings), and three gas exhaust vents 
59C 1 to 59C 3 having a diameter D (however, the gas 
exhaust vent 59C 2 is omitted in the drawings) are 

30 formed in an arrangement identical to the sealed cham- 
ber S3 previously described. 

[0229] As is shown in Fig. 1 1 , in each of the penetrat- 
ing holes 57C 1} 57C 2 , and 57C 3 , the edge portion op- 
posite to the tip portion of nozzles BSC A , 88C 2 , and 88C 3 

35 are inserted, respectively (however, the nozzle 88C 2 is 
omitted in Fig. 11). To each of the base end side of the 
nozzles 88^ , 88C 2 , and 88C 3 , gas supply piping 61 C t , 
61 C 2 , and 61 C 3 , which are shown in Fig. 8, are connect- 
ed via a gas joint 83C, respectively. That is, in this em- 

40 bodiment, the nozzles 88^ to 88C 3 and gas supply pip- 
ing 61 C t to 61 C 3 make up a second supplying route, 
respectively. 

[0230] As is shown in Fig. 11, a supply opening 23C 
consisting of a circular opening with a small diameter, 

45 which serves as a second supply opening, is formed on 
the tip surface of the nozzle 88C V The supply opening 
23C is arranged in the vicinity of the optical path of the 
exposure light EL (on the optical path of the effective 
beam) in between the space between the lenses L11 

50 and L12. The remaining nozzles 88C 2 and 88C 3 also 
have an identical structure, and the supply openings are 
each identically arranged in the vicinity of the optical 
path of the exposure light EL (on the optical path of the 
effective beam) in between the space between the lens- 

55 esL11 andL12. In this case, however, since the nozzles 
88C 1 to 88C 3 are arranged away from the pupil surface 
of the projection optical system PL3, the sectional shape 
of the optical path of the exposure light EL is not circular. 
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Therefore, the tip surface of the nozzles 88C 1 to 88C3 
is arranged at a position where the supply opening 23C 
of each nozzle is set as close as possible to the optical 
path, in correspondence with the sectional shape of the 
optical path. 

[0231] An end of gas supply piping 62C lf 62C 2 , and 
62C 3 are each connected to the three supply openings 
58C, to 58C3 as is shown in Fig. 8, respectively, via a 
gas joint 84C from the outer portion side of the barrel 
150. In this case, the supply openings 58C V 58C 2 , and 
58C 3 and the gas supply piping 62C 1a 62C 2 , and 62C 3 
each connected to the supply openings 580 v 58C 2 , and 
58C 3 make up a first supplying route, respectively. 
[0232] The other end of each of the gas supply piping 
61C 1t 61 C 2 , and 61 C 3 are connected to one end of a 
gas supply unit 31 (not shown in Fig. 8, refer to Fig. 12) 
via a fourth pump P4 (also not shown in Fig. 8, refer to 
Fig. 12). Similarly, the other end of each of the gas sup- 
ply piping 62^, 62C 2 , and 62C 3 are connected to one 
end of the gas supply unit 31 (not shown in Fig. 8, refer 
to Fig. 12) via a fifth pump P5 (also not shown in Fig. 8, 
refer to Fig. 12). 

[0233] In addition, an end of gas exhaust piping 94C 1 , 
94C 2 , and 94C 3 that have a diameter d and are shown 
in Fig. 8 (however, the gas exhaust piping 94C 3 is not 
shown in the drawings) are each connected to the gas 
exhaust vents 55C 1p 55C 2 , and 55C 3 , respectively, via 
a gas joint 63C. The other end of the gas exhaust piping 
94B 1 to 94B 3 are each connected to the other end of the 
gas supply unit 31 via a first vacuum pump VP1 (not 
shown in Fig. 8, refer to Fig. 12). 
[0234] Meanwhile, an end of gas exhaust piping 
95C 1t 95C 2 , and 95C 3 that have a diameter D and are 
shown in Fig. 8 are each connected to the gas exhaust 
vents 59C t , 59C 2 , and 59C 3 , respectively, via a gas joint 
64C. The other end of the gas exhaust piping 95C, to 
95C 3 are each connected to the other end of the gas 
supply unit 31 via a second vacuum pump VP2 (not 
shown in Fig. 8, refer to Fig. 12). 
[0235] In each of the gas supply piping 61 A, to 61 A 3 , 
61 B 1 to 61 Bg, 61 C, to 61 C 3 , 62A, to 62A3, 623, to 62B 3 , 
and 62C, to 62C 3 , and the gas exhaust piping 94A 1 to 
94A 3 , 94B 1 to 948 3 , 94^ to 94C 3 , 95A, to 95A 3 , 95B 1 
to 95B 3 , and 95C, to 95C 3 , air filters for removing par- 
ticles (not shown in Figs.) and chemical filters for remov- 
ing absorptive gas such as oxygen (also not shown in 
Figs.) are provided. 

[0236] Fig. 1 2 is a block diagram showing a main con- 
figuration of a control system of an exposure apparatus 
related to the fourth embodiment. Similar to the control 
system described in the first embodiment, this control 
system is also configured with a main controller 70 play- 
ing the main role and serving as a control unit, consisting 
of a microcomputer (or a workstation) . The main con- 
troller 70 has control over the whole apparatus. Further- 
more, the main controller 70 controls the gas environ- 
ment of each sealed chamber within the projection op- 
tical system PL3 in the following manner. 



[0237] That is, when the main controller 70 supplies 
low absorptive gas (specific gas) to the sealed cham- 
bers S1 to S3 in the case gases within the sealed cham- 
bers S1 to S3 contain much absorptive gas such as ox- 
ygen (air), it operates the fourth pump P4, the fifth pump 
P5, the first vacuum pump VP1 , and the second vacuum 
pump VP2 basedon instructions froman operator at 
times such as, for example, initial gas replacement dur- 
ing the start-up of the apparatus. 
[0238] By this operation, a large flow of low absorptive 
gas (for example, a proportionate amount per volume 
may be around 50 (dnrVmin)) is supplied to the interior 
of the sealed chambers S3, S2, and S1 via gas supply 
piping S2A, to 62A 3 , 623, to 623$, and 62^ to 62C 3 , 
respectively, and at the same time, a small flow of low 
absorptive gas (for example, the maximum ejection flow 
amount from each nozzle, such as around 5 (dm 3 /min)) 
is supplied to the interior of the sealed chambers S3, 
S2, and S1, via gas supply piping 61 A 1 to 61 A 3 , 61B 1 
to 61 B^ and 61 C 1 to 61 C 3 , respectively, from the gas 
supply unit 31 . 

[0239] And, complying with the supply of low absorp- 
tive gas to the seated chambers S3, S2, and S1 , gases 
inside the seated chambers S3, S2, and S1 (gases that 
contain much absorptive gas such as air) are smoothly 
exhausted via the gas exhaust piping 94A 1 to 94A 3 , 
94B, to 94B 3 , 94^ to 94C 3 , 95A, to 95A 3 , 953, to 95B3, 
and 95C 1 to 95C 3 , respectively, and returned to the gas 
supply unit 31 . 

[0240] During this operation, within the sealed cham- 
ber S3, the low absorptive gas supplied via the gas sup- 
ply piping 62A, and the supply opening 5QA, proceeds 
mainly in the direction where it is exhausted to the gas 
exhaust piping 95 A 3 via the gas exhaust vent 59 A 3 , 
whereas the low absorptive gas supplied via the gas 
supply piping 62A2 and the supply opening 58A2 pro- 
ceeds mainly in the direction where it is exhausted to 
the gas exhaust piping 95A, via the gas exhaust vent 
59A,, and the low absorptive gas supplied via the gas 
supply piping 62A3 and the supply opening 58A 3 pro- 
ceeds mainly in the direction where it is exhausted to 
the gas exhaust piping 95A2 via the gas exhaust vent 
59A2, as is shown with the bold solid lines in Fig. 9. That 
is, by supplying the low absorptive gas from the gas sup- 
ply openings 5BA, to 58A 3 , the internal gas of the seated 
chamber S3 is agitated, therefore, it becomes possible 
to make the concentration (purity) of the low absorptive 
gas within the sealed chamber S3 almost uniform with- 
out any unevenness. Thus, from the viewpoint of con- 
centration uniformity of thelow absorptive gas, it is more 
desirable to form the gas supply openings 58A 1 to 58A 3 
along the tangential direction of the sealed chamber S3. 
[0241] Also, with the sealed chambers S2 and S1 like- 
wise the description above, it is possible to make the 
concentration (purity) of the low absorptive gas within 
each sealed chamber almost uniform without any une- 
venness by agitating the gas inside the chamber. 
[0242] The main controller 70 stops the fifth pump P5, 
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the first vacuum pump VP1, and the second vacuum 
pump VP2 upon the initial gas replacement described 
above to replace the internal gas of the sealed cham- 
bers S1 to S3 with low absorptive gas when the concen- 
tration of the absorptive gas within the sealed chambers 
S1 to S3 falls below the level of, for example, 1 ppm, 
judging that the initial gas replacement has been com- 
pleted. The main controller 70 can determine whether 
the initial gas replacement has been completed by the 
judgment based on, for example, timers or the like (not 
shown in Figs.), or detection values of gas sensors 
(such as oxygen concentration sensors, also not shown 
in Figs.) to see that the concentration of the absorptive 
gas within the sealed chambers S1 to S3 has fallen be- 
low the level of 1 ppm. 

[0243] When the initial gas replacement has been 
completed in this manner, the main controller 70 then 
adjusts the flow amount of the low absorptive gas sup- 
plied via the gas supply piping 61 A 1 to 61 A 3 , 61B 1 to 
61 B 3 , and 61 C 1 to 61 C 3 to an amount such as around 
1 (drr^/min), for example, which is 1/50 of the propor- 
tionate amount per volume. The main controller 70 then 
continuously operates the fourth pump P4, and contin- 
ues to supply (or creates a flow of) the low absorptive 
gas of around 1 (dnr^/min), for example, which is 1/50 
of the proportionate amount per volume, to the sealed 
chambers S1 to S3 via the gas supply piping 6^ to 
61 A 3 , 61B 1 to 61 3$, and 61 C 1 to 61 C 3 , respectively, in 
order to maintain the purity level of the low absorptive 
gas achieved by the initial gas replacement in each 
sealed chamber. That is, in this embodiment, in the case 
the low absorptive gas (specific gas) is supplied to the 
sealed chambers S1 to S3 when the gas inside the 
sealed chambers do not contain much absorptive gas, 
it is supplied to the sealed chambers S1 to S3 via the 
gas supply piping 61 A, to 61 61 B 1 to 61 8 3 , and 61 C A 
to61C 3 , respectively. 

[0244] In this manner, the main controller 70 contin- 
ues to supply (create a flow) and to circulate the low 
absorptive gas to each of the sealed chambers S1 to S3 
at all times, while the fourth pump P4 is operating. And, 
the circulation of the low absorptive gas continues for a 
long period of time. In this case, due to the air filters and 
chemical filters provided in each gas supply piping and 
gas exhaust piping, impurities such as absorptive gas 
in the circulated gas are almost all removed. Therefore, 
even if the low absorptive gas is circulated for a long 
period of time, it hardly produces any adverse effect up- 
on exposure. 

[0245] Upon such operations, nozzles are provided in 
each of the gas supply piping 61 A 1 to 61 A 3 , 618^0 
61B 3 , and 61C 1 to 61C 3 , and gas supply openings of 
the low absorptive gas on the tip of each nozzle are ar- 
ranged in the vicinity of the optical path of the exposure 
light EL (on the optical path of the effective beam). 
Therefore, the low absorptive gas can be effectively 
purged into the space along the optical path within the 
sealed chambers S3, S2, and S1 . 



[0246] As is described, in this embodiment, when gas- 
es inside the sealed chambers S1 to S3 contain much 
absorptive gas such as oxygen (air) at times such as 
initial gas replacement, the main controller 70 supplies 

5 low absorptive gas to the sealed chambers S3, S2, and 
S1 via the gas supply piping 62A 1 to 62A 3 , 62B 1 to 62B3, 
and 62C) to 62C 3 that have a large diameter, the supply 
openings 58A, to 58A3, 583, to 58B3, and 58C 1 to 58C 3 
that have a large opening area, the gas supply piping 

10 61 A t to 6 1 Aa, 61 B 1 to 61 83, and 61 C 1 to 61 C 3 that have 
a small diameter, and the nozzles 88A 1 to 88A 3 , 88B 1 
to 8883, and 88C 1 to 88C 3 . And, corresponding to this 
supply of low absorptive gas, the gases inside each 
seated chamber (that contain much absorptive gas such 

'5 as air) are exhausted outside via each gas exhaust vent 
and gas exhaust piping. In this case, since a large 
amount of low absorptive gas is supplied to the sealed 
chambers, gas replacement such as the initial gas re- 
placement is completed within a short period of time. 

20 [0247] On the other hand, when gases inside the 
sealed chambers S1 to S3 do not contain much absorp- 
tive gas at times such as the gas purity maintenance 
period, the main controller 70 supplies low absorptive 
gas to the sealed chambers only via the gas supply pip- 

25 ing 6^^^^ to 61A 3 , 61B! to 618 3 , and 61 C t to 61C 3 that 
have a small diameter, and the nozzles 88A, to 88A 3 , 
883, to 8883, and 880, to 88C 3 . And, corresponding to 
this supply of low absorptive gas, the gases inside the 
sealed chambers are exhausted outside via each gas 

30 exhaust vent and gas exhaust piping. In this case, the 
gas purity is maintained using the small flow of low ab- 
sorptive gas, by effectively purging the low absorptive 
gas into the space along the optical path within the 
sealed chambers S1 to S3. 

35 [0248] As is described so far, in the fourth embodi- 
ment, the main controller 70 controls the supply of spe- 
cific gas to the sealed chambers S1 to S3 by choosing 
either the first supplying route (the gas supply piping 
62A, to 62A 3 , 62B t to 6283, and 62C 1 to 62C 3 that have 

40 a large diameter and the supply openings 58A, to 58A3, 
583, to 6883, and 58^ to 58C 3 that have a large open- 
ing area) or the second supplying route (the gas supply 
piping 61 A, to 61A 3> 61 B 1 to 61 8 3 , and 61 Cj to 61 C 3 
that have a small diameter and the nozzles 88A, to 

45 88A 3> 883, to 88B 3 , and 88C 1 to 88C 3 ) at the least, de- 
pending on the internal state of the sealed chambers. 
Accordingly, in this embodiment, the purge performance 
of the projection optical system PL3 can be improved, 
as well as the running cost of the apparatus reduced. 

50 Especially in the case when expensive gases such as 
helium are used as the low absorptive gas, the effect of 
reducing the running cost increases. 
[0249] In the description above, from the viewpoint of 
reducing the time required for initial gas replacement 

55 and of effectively removing impurities in the low absorp- 
tive gas or the like from the space in between the lenses, 
the fourth pump P4 and the fifth pump P5 are operated 
at the same time. Only the fifth pump P5, however, may 
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be operated so that the low absorptive gas is supplied 
to the sealed chambers S1 to S3 only via the supply 
openings 58A 1 to 58A 3 , 5SS A to 58B3, and 58C 1 to 
58C3). In addition, in the description above, the fourth 
pump P4 and the fifth pump P5 are operated simultane- 
ously with the first and second vacuum pumps VP1 and 
VP2 upon the initial gas replacement, so as to prevent 
a vacuumed state from being created inside the sealed 
chambers S1 to S3. This is due to the fact that the in- 
crease in weight and size of the barrel and the size of 
the apparatus in a vacuumed state has been taken into 
account, because when a vacuumed state is created, a 
large pressure difference occurs between the inside and 
the outside of the barrel, and the structure of the barrel 
needs to be strong enough to withstand the pressure 
difference. If, however, the barrel size increase may be 
allowed, the first and second vacuum pumps VP1 and 
VP2 may be operated so as to create a vacuumed state 
within the sealed chambers S1 to S3, and when this is 
completed, the forth pump P4 and the fifth pump P5 may 
be operated to supply the low absorptive gas. 
[0250] I" the fourth embodiment, the reticle pattern is 
transferred onto each shot area on the wafer based on 
a step-and-scan method in a manner similar to the first 
embodiment previously described. 
[0251] And, when scanning exposure (transfer of the 
reticle pattern) is performed on each shot area on the 
wafer, since the inside of the projection optical system 
PL3 is replaced with low absorptive gas in advance so 
that the optical properties can be brought to full scope, 
and furthermore, since the image forming characteris- 
tics of the projection optical system PL3 do not deterio- 
rate with the elapse of time during scanning exposure, 
deterioration of the pattern transferred onto the wafer 
can be avoided. 

[0252] Accordingly, in the fourth embodiment, since 
the pattern of the reticle R is transferred onto the wafer 
W via the projection optical system PL3 which image 
forming characteristics are maintained at a favorable 
state in the manner previously described, the pattern of 
the reticle can be transferred onto the wafer W with high 
accuracy, likewise the first embodiment previously de- 
scribed. Again, in this case, for similar reasons as the 
first embodiment, it becomes possible to control the ex- 
posure amount at a high precision for a long period of 
time. In addition, since vacuum ultraviolet light is used 
as the exposure light EL, resolution of the projection op- 
tical system PL3 can be improved. Accordingly, it be- 
comes possible to accurately transfer the reticle pattern 
on the wafer for a long period of time. 
[0253] The case has been described in the fourth em- 
bodiment where the low absorptive gas is continuously 
supplied (a flow is maintained) to the sealed chambers 
S1 , S2, and S3. The present invention, however, is not 
limited to this, and the interior of the sealed chambers 
S1 , S2, and S3 may be maintained at a predetermined 
pressure by providing gas supply valves and gas ex- 
haust valves in at least a part of the gas supply piping 



and the gas exhaust piping, and controlling the open/ 
close of these valves, likewise the illumination optical 
system IOP or the like. 

[0254] In addition , in the fourth embodiment, the case 

5 has been described where a plurality of sealed cham- 
bers (inner space) are arranged within the projection op- 
tical system PL3, the tip of the nozzles (supply open- 
ings) are arranged in the vicinity of the optical path of 
the exposure light upon purge of the low absorptive gas 

10 into the sealed chambers, and gas supply openings with 
a large diameter are arranged along with the nozzles in 
each sealed chamber. The present invention, however, 
is not limited to this. That is, a plurality of inner spaces 
may be arranged not only in the projection optical sys- 

15 tern, but also in other optical systems that have optical 
elements such as the illumination optical system, and 
the tip of the nozzles (supply openings) may be ar- 
ranged in the vicinity of the optical path of the exposure 
light upon purging the low absorptive gas into the inner 

20 spaces. In addition, gas supply openings with a large 
diameter may be arranged with the nozzles in each inner 
space, so that upon the initial gas replacement the purge 
may be performed by a large flow amount of low absorp- 
tive gas being supplied from the gas supply openings 

25 with a large diameter, whereas, upon the gas purity 
maintenance period the purge may be performed by a 
small flow amount of low absorptive gas being supplied 
from the nozzles. 

[0255] Further, in the fourth embodiment, in the case 

30 at least one specific lens of the lenses L1 1 to L1 4 has a 
flange portion on the periphery portion close to a neutral 
plane, the lens holding device described earlier in the 
first embodiment may be used as the lens holding mech- 
anism for holding the specific lens. With this arrange- 

35 ment, deformation occurring on the optical surface, 
which is on both sides of the optical axis direction of the 
specific lens, is reduced to a level that can almost be 
neglected, and thus it becomes possible to suppress de- 
terioration of the optical performance to the utmost. In 

40 addition, in the fourth embodiment, a control system for 
controlling the specific gas environment in the between 
adjacent spaces may be arranged so as to prevent pres- 
sure difference from occurring in between the adjacent 
spaces (in at least one space in between the reticle 

45 chamber 15 and the sealed chamber S1, the sealed 
chambers S1 and S2, the sealed chambers S2 and S3, 
or the sealed chamber S3 and the wafer chamber 40), 
naturally, when the lens holding device is used as the 
lens holding mechanism or even in the case when the 

50 lens holding device is not used. As such a control sys- 
tem, the control systems described earlier in the first to 
third embodiment can be used. In such a case, unnec- 
essary pressure acting on the optical members dividing 
the adjacent space (at least one of the lenses L11 to 

55 L1 4) is avoided, and it becomes possible to prevent the 
optical members from floating from its setting. 
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<■ Fifth Embodiment » 

[0256] A fifth embodiment of the present invention is 
described next, referring to Figs. 13 and 14. Structures 
and components identical or equivalent to those de- 5 
scribed in the first embodiment and the fourth embodi- 
ment are designated with the same reference numerals, 
and the description thereabout Is briefly made or is en- 
tirely omitted. 

[0257] With the fifth embodiment, the structure of the 
projection optical system is different from the first em- 
bodiment previously described. Other portions are iden- 
tical with the first embodiment and the fourth embodi- 
ment; therefore, the following description will be made 
focusing on the difference. 

[0258] Fig. 1 3 schematically shows a longitudinal sec- 
tional view of the projection optical system PL4 related 
to the fifth embodiment. The projection optical system 
PL4 is a reflection refraction optical system (a catadi- 
optric system) that includes a right-angle mirror and a 
concave mirror, which are reflection optical elements, in 
addition to a plurality of lenses, which are refraction op- 
tical elements. 

[0259] As is shown in Fig. 13, the projection optical 
system PL4 comprises a transverse barrel portion 90A 
serving as a first barrel portion which longitudinal direc- 
tion is the X-axis direction, a lengthwise barrel portion 
90B serving as a second barrel arranged above the 
transverse barrel portion 90A on half the -X side (the left 
half portion in Fig. 13), and a lengthwise barrel portion 
90C serving as a thirdbarrel arranged below the trans- 
verse barrel portion 90A coaxially with the lengthwise 
barrel portion 90B. 

[0260] The transverse barrel portion 90A comprises 
a barrel 150A, and a right-angle mirror M1 and a con- 
cave mirror M2, which serve as mirrors and are ar- 
ranged within the barrel 150A along the X-axis direction 
at a predetermined interval. More particularly, the barrel 
150A comprises an outer barrel 76A of a hollow cylin- 
drical shape that has a bottom and an opening on a sur- 
face in the +X side, a mirror holding member 76B 1 in- 
serted in the outer barrel 76A from the +X side and fixed 
to the bottom wall of the outer barrel 76A in a close con- 
tact state, a spacer member 76B2 of a hollow cylindrical 
shape inserted in the outer barrel 76A in a state where 
the mirror holding member 76B 1 is suppressed from the 
right hand side in Fig. 13, and an inner barrel 76Bg in- 
serted in the outer barrel 76A fixed in a state where the 
spacer member 76B 2 is suppressed from the right hand 
side in Fig. 13, and the like. That is, a double-structured 
barrel consisting of the outer barrel 76A, the mirror hold- 
ing member 7SB V the spacer member 76B 2 , and the 
inner barrel 76B3 is used as the barrel 150A. 
[0261] At a position slightly on the right hand side of 
the center portion in the X-axis direction of the outer bar- 
rel 76 A, a flange portion FLG1 is provided, and the trans- 
verse barrel portion 90A is supported via the flange por- 
tion FLG1 with a holding member (not shown in Figs.). 



[0262] The mirror holding member 76B 1 is a cylindri- 
cal shaped member with a step, consisting of a circular 
plate portion and a cylindrical shaped convex portion 
76c, which is integrally arranged on a surface of the cir- 
cular plate portion (on the right side in Fig. 13) in the 
center portion. And, the bottom surface of the right-an- 
gle mirror M1 is fixed on the edge surface of the cylin- 
drical shaped convex portion 76c of the mirror holding 
member 76Bj. The right-angle mirror M1 has a first re- 
flection surface 78a at an angle of +45° against the bot- 
tom surface, and a second reflection surface 78b at an 
angle of -45° against the bottom surface. The reflection 
surfaces 78a and 78b are formed of an aluminum film 
coated on the surface of the glass material that makes 
up the right-angle mirror M1 . In this case, the mirror M1 
is arranged in a state where the first and second reflec- 
tion surfaces, 78a and 78b, are arranged at the angles 
of +45° and -45°, respectively, against the YZ plane. 
Further, as the material that make up the right-angle mir- 
ror M1 , metallic material such as aluminum, or a ceramic 
may be used instead of the glass material described 
above, and a reflection film may be formed on the sur- 
face of the metallic material or the ceramic. 
[0263] On the peripheral walls of the spacer member 
76B2 and the outer barrel 76A located above the first 
reflection surface 78a, a notch 135A, which is in the 
shape of a letter U when viewed from above, and an 
opening portion 135C are formed, respectively. Mean- 
while, on the peripheral walls of the spacer member 
76B2 and the outer barrel 76A located below the second 
reflection surface 78b, a notch 135B and an opening 
portion 135D are formed, respectively, vertically sym- 
metric with the notch 135A and the opening portion 
135C. 

[0264] On the inner periphery surface of the inner bar- 
rel 76B 3 , a concave mirror holding mechanism HM for 
holding the periphery of the concave mirror M2 made 
up of a spherical mirror is fixed. In this case, the concave 
mirror holding mechanism HM and the concave mirror 
M2 are assembled in a state blocking the opening por- 
tion of the inner barrel 76B 3 . 

[0265] The lengthwise barrel portion 90B comprises 
a barrel 150B, and a plurality of lenses (two in Fig. 13) 
L11 and L12 arranged along the Z-axis direction within 
the barrel 1 50B at a predetermined interval, and the like. 
[0266] The barrel 150B has a double structure, con- 
sisting of a cylindrical outer barrel 160A 1 and cylindrical 
inner barrels 1 60B 1 and 1 6OB2 that are arranged inside 
the outer barrel 1 SQA^ adjacent to each other in the ver- 
tical direction. At the lower end portion of the outer barrel 
'\6OA1 in the height direction, a flange portion FLG2 is 
provided, and the lengthwise barrel portion 90B is held 
with a holding member (not shown in Figs.) via the 
flange portion FLG2. 

[0267] The lenses L1 1 and L1 2 are each held horizon- 
tally by lens holding mechanisms H1 and H2 which pe- 
riphery is fixed to the inner periphery surface of the inner 
barrels 160B 1 and I6OB2, respectively. In this case, 
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within the lengthwise barrel portion 90B, a sealed cham- 
ber S5 serving as a second space is formed, sealed from 
the outside and divided by the lenses L1 1 and L1 2, lens 
holding mechanisms H1 and H2, and the inner barrels 
ISOB^ndieOBg. 5 
[0268] The lengthwise barrel portion 90C comprises 
a barrel 150C, and a plurality of lenses (two in Fig. 13) 
L13 and L14 arranged along the Z-axis direction within 
the barrel 150C at a predetermined interval, and the like. 
[0269] The barrel 150C has a double structure, con- 
sisting of a cylindrical outer barrel 1 60 Ag and cylindrical 
inner barrels 1 6OB3 and 1 60B 4 that are arranged inside 
the outer barrel 1 6OA2 adjacent to each other in the ver- 
tical direction. At the upper end portion of the outer bar- 
rel 160A2 in the height direction, a flange portion FLG3 
is provided, and the lengthwise barrel portion 90C is 
held with a holding member (not shown in Figs.) via the 
flange portion FLG3. 

[0270] The lenses L13 and L14 are each held hori- 
zontally by lens holding mechanisms H3 and H4 which 
periphery is fixed to the inner periphery surface of the 
inner barrels I6OB3 and 160B 4 , respectively. In this 
case, within the lengthwise barrel portion 90C, a sealed 
chamber S6 serving as a second space is formed, 
sealed from the outside and divided by the lenses L13 
and L14, lens holding mechanisms H3 and H4, and the 
inner barrels I6OB3 and 160B 4 . 
[0271] The outer barrel 160A 1 and the outer barrel 
76A referred to earlier is connected closely via a bellows 
77A. And, the outer barrel I6OA2 and the outer barrel 
76A referred to earlier is connected closely via a bellows 
77B. That is, in this embodiment, in the portion below 
the lens L12 and above the lens L13, a sealed chamber 
S4 serving as a first space is formed that includes the 
interior of the transverse barrel portion 90A and the in- 
terior of the bellows 77A and 77B. The inside of the 
sealed chamber, naturally, is sealed from the outside. 
[0272] Next, the operation of the projection optical 
system PL4 which optical elements are each arranged 
in the manner above is described. As is representatively 
shown in the optical path indicated by a dotted line in 
Fig. 13, when the exposure light EL outgoing from the 
reticle R to the projection optical system PL4 sequen- 
tially passes the lenses L11 and L12, it is concentrated 
by the lenses L11 and L12, and is then incident on the 
first reflection surface 78a of the right-angle mirror M1. 
Then, the exposure light EL reflected off the first reflec- 
tion surface 78a is reflected again, this time on the re- 
flection surface of the concave mirror M2, and is incident 
on the second reflection surface 78b of the right-angle 
mirror M1 . And, the exposure light EL reflected off the 
second reflection surface 78b is condensed on the wafer 
surface with the lenses L13 and L14. Incidentally, the 
optical path indicated by a dotted line in Fig. 13 repre- 
sentatively shows an optical path of an arbitrary beam 
among innumerable beams entering the projection op- 
tical system PL4 form the reticle R. 
[0273] Next, the low absorptive gas supply/exhaust 



system for gas replacement within the sealed chambers 
S4 to S6 is described. 

[0274] Fig. 14 shows a gas supply/exhaust system 
modeled in a conceptual view for purging a specific gas 
having the characteristics of transmitting the exposure 
light EL serving as an energy beam, that is, a gas supply/ 
exhaust system for purging low absorptive gas de- 
scribed earlier into the interior of the sealed chambers 
S4 to S6 within the projection optical system PL4. 
[0275] The gas supply/exhaust system in Fig. 1 4 com- 
prises a first gas supply/exhaust system 85 for purging 
the interior of the sealed chamber S4 with the low ab- 
sorptive gas, and a second gas supply/exhaust system 
86 for purging the interior of the remaining sealed cham- 
bers S5 and S6 with the low absorptive gas. 
[0276] The first gas supply/exhaust system 85 com- 
prises a gas supply piping 61 A, a first gas supply unit 
31 A, and an exhaust piping 94A. With the gas supply 
piping 61 A, one end of the piping is connected to one 
end of the sealed chamber S4, and the other end is con- 
nected to one end of the first gas supply unit 31 via a 
pump P6, whereas with the exhaust piping 94A, one end 
of the piping is connected to the other end of the sealed 
chamber S4 and the other end is connected to the other 
end of the first gas supply unit 31 . 
[0277] More particularly, as is shown in Fig. 1 3, in the 
bottom wall (the wall on the -X side) of the outer barrel 
76A configuring the barrel 1 50A of the transverse barrel 
portion 90A and in the mirror holding member 76c facing 
the bottom wall, a gas supply vent 57A serving as a gas 
supply opening is formed above the right-angle mirror 
M1, extending in the X-axis direction. And, to this gas 
supply vent 57A, one end of the gas supply piping 61 A 
is connected via a gas joint 83A. 
[0278] Meanwhile, at a position on the -Z side in the 
periphery wall of the inner barrel 76B3 and on the -X side 
of the concave mirror M2, and in the portion of the outer 
barrel 76A facing the position , an exhaust vent 55A serv- 
ing as an exhaust opening is formed in a vertical direc- 
tion. And, to this exhaust vent 55A, one end of the ex- 
haust piping 94 is connected via a gas joint 83B. 
[0279] Inside the first gas supply unit 31 , a gas cham- 
ber which houses a low absorptive gas having a first pu- 
rity (a first concentration) is arranged. In this case, also, 
chemical filters and air filters are arranged in the gas 
supply piping and exhaust piping. The pump P6 oper- 
ates under the control of the main controller 70 de- 
scribed earlier in the description, and likewise the first 
embodiment, the low absorptive gas is provided from 
the first gas supply unit 31 to the sealed chamber S4 via 
the gas supply piping 61 A, and the internal gas of the 
seated chamber S4 is returned to the first gas supply 
unit 31 via the exhaust piping 94. Thus, the low absorp- 
tive gas is purged into the sealed chamber S4 by this 
circulation route. 

[0280] As is shown in Fig. 1 4, the second gas supply/ 
exhaust system 86 comprises: a gas supply piping 61 B 
which one end is connected to one end of the sealed 
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chamber S5 and the other end is connected to one end 
of a second gas supply unit 31 B via a pump P7; an ex- 
haust piping 94B which one end is connected to the oth- 
er end of the sealed chamber S5 and the other end is 
connected to the other end of the second gas supply 
unit 31 B; a gas supply piping 61 C which one end is con- 
nected to one end of the sealed chamber S6 and the 
other end is connected to one end of the second gas 
supply unit 31 B via a pump P8; an exhaust piping 94C 
which one end is connected to the other end of the 
sealed chamber S6 and the other end is connected to 
the other end of the second gas supply unit 31 B; and 
the second gas supply unit 31 B. 
[0281] More particularly, as is shown in Fig. 13, in the 
-X side portion of the inner barrel 1 603^ configuring the 
barrel 1 50B of the lengthwise barrel portion 90B, and at 
a location in the outer barrel 160A 1 facing this portion, 
a gas supply vent 57B serving as a gas supply opening 
is formed extending in the X-axis direction. And to this 
gas supply vent 57B, one end of the gas supply piping 
61 B is connected via a joint 83C. 
[0282] Meanwhile, at a position on the +X side in the 
inner barrel 160B2 and at a location in the outer barrel 
160A 1 facing this portion, an exhaust vent 55B serving 
as an exhaust opening is formed extending in the X-axis 
direction. And to this exhaust vent 55B, one end of the 
exhaust piping 94B is connected via a joint 83D. 
[0283] In the -X side portion of the inner barrel 1 6OB3 
configuring the barrel 1 50C of the lengthwise barrel por- 
tion 90C, and at a location in the outer barrel 1 60 A2 fac- 
ing this portion, a gas supply vent 57C serving as a gas 
supply opening is formed extending in the X-axis direc- 
tion. And to this gas supply vent 57C, one end of the gas 
supply piping 61 C is connected via a joint 83E. 
[0284] Meanwhile, at a position on the +X side in the 
inner barrel 160B 4 and at a location in the outer barrel 
160A 2 facing this portion, an exhaust vent 55C serving 
as an exhaust opening is formed. And to this exhaust 
vent 55C, one end of the exhaust piping 94C is connect- 
ed via a joint 83F. 

[0285] Inside the second gas supply unit 31, a gas 
chamber is arranged housing a low absorptive gas of a 
second purity, which purity is slightly lower that that of 
the first purity (first concentration) . In this case, again, 
chemical filters and air filters are arranged in each of the 
gas supply piping and exhaust piping. 
[0286] The pumps P7 and P8 operate under the con- 
trol of the main controller 70, and likewise the fourth em- 
bodiment described earlier, the low absorptive gas is 
purged into the sealed chambers S5 and S6 via the gas 
supply piping 61 B and 61 C, respectively, from the sec- 
ond gas supply unit 31 B in a similar manner previously 
described. 

[0287] The configuration of the remaining parts is the 
same with the first and fourth embodiment. 
[0288] With the projection optical system PL4 related 
to the fifth embodiment that has the arrangement de- 
scribed above, since the inside is divided into three 



seated chambers S4 to S6 and the low absorptive gas 
is purged individually into each sealed chamber using 
its individual gas supply/exhaust system, the gas does 
not linger in each of the chambers in spite of its compli- 
5 cated shape. Therefore, it is possible to maintain good 
image forming characteristics. 
[0289] In addition, in the fifth embodiment, the sealed 
chamber S5 is connected to the second gas supply unit 
31 B via the gas supply piping 61 B and the exhaust pip- 
to ing 94B, and the sealed chamber S6 is connected like- 
wise, via the gas supply piping 61 C and the exhaust pip- 
ing 94C. The sealed chamber S6, however, is separate- 
ly connected to the first gas supply unit 31 A, which sup- 
plies a low absorptive gas having a higher purity level 
15 than that of the second gas supply unit, via the gas sup- 
ply piping 61 A and the exhaust piping 94A. Therefore, 
the inside of the sealed chamber S4 is purged with the 
low absorptive gas which purity level is higher than that 
of the gas purged within the sealed chambers S5 and 
20 S6. This allows higher purge accuracy in the portion in 
between the right-angle mirror M 1 and the concave mir- 
ror M2, where the optical path of the energy beam is a 
double path optical path bent back in a shape of the let- 
ter V, compared with the other portions of the optical 
25 path. Therefore, the purge accuracy necessary can be 
satisfied on the entire optical path, thus allowing an ef- 
fective purge. 

[0290] In addition, the reflection surface of the right- 
angle mirror M1 is formed of a metal coating such as 

30 aluminum, which deterioration due to the F 2 laser and 
impurity in the gas is relatively large. Therefore, from the 
viewpoint of protecting the reflection surface, it is effec- 
tive to set the concentration of the low absorptive gas 
high within the sealed chamber S4. Moreover, since the 

35 gas supply opening of the low absorptive gas (gas sup- 
ply vent 57A) is arranged in the vicinity of the right-angle 
mirror M1 , the protection effect of the reflection surface 
of the right-angle mirror M1 can be further increased. 
[0291] Furthermore, in the embodiment, the low ab- 

40 sorptive gas is provided from above into each of the 
chambers, S4, S5, and S6, and is exhausted from be- 
low. Therefore, in the case of using gas lighter than air 
such as helium as the low absorptive gas, the gas within 
the sealed chamber can be evenly replaced from the 

^5 upper end to the bottom with the low absorptive gas. 
[0292] In addition, with the exposure apparatus relat- 
ed to the fifth embodiment, by contriving the exposure 
apparatus in various ways as described above, the op- 
tical path of the exposure light EL is effectively purged 

50 with the low absorptive gas, and exposure is performed 
via the projection optical system PL4 which image form- 
ing characteristics are favorably maintained. Thus, it be- 
comes possible to maintain good exposure accuracy for 
a long period of time. 

55 [0293] In addition, in the fifth embodiment, a reflection 
refraction optical system is used as the projection optical 
system PL4. This keeps the size of the projection optical 
system itself from increasing unnecessarily, and partic- 
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ularty in the case of using an F 2 laser light source as the 
light source, it becomes possible to achieve exposure 
with high accuracy that is little affected by color aberra- 
tion. 

[0294] In the case a reflection refraction system is em- 5 
ployed as the projection optical system, not only is the 
arrangement limited to the one shown in Fig. 13, but the 
type of projection optical system PL5 shown in, for ex- 
ample, Fig. 15, can also be employed. 
[0295] With the projection optical system PL5 shown 
in Fig. 15, it comprises: a transversal first barrel portion 
90A\ and a lengthwise second ban-el portion 90B' which 
is connected to the first barrel portion 90A' via a bellows 
77. And, inside a barrel 150A' of the first barrel portion 
90A', a concave mirror M2 and a lens L13 are arranged, 
whereas, inside a barrel 1 50B' of the second barrel por- 
tion 90B\ lenses L11 and L12 and a right-angle mirror 
M1 are arranged. 

[0296] With the projection optical system PL5, as is 
indicated by the dotted lines in Fig. 15, the exposure 
light EL emitted from the reticle is reflected off a first 
reflection plane 78a of the right-angle mirror M1 via the 
lens L11, and after the optical path is bent at an angle 
of 90°, the exposure light then reaches the reflection 
surface of the concave mirror M2 via the lens L1 3. Then , 
the exposure light EL is reflected off the reflection sur- 
face of the concave mirror M2, and reaches a second 
reflection plane 78b of the right-angle mirror M1 via the 
lens L13. And, after the exposure light EL is reflected 
off the second reflection plane 78b and its optical path 
is bent at an angle of 90°, the exposure light EL reaches 
the wafer surface via the lens L1 3. Incidentally, the dot- 
ted lines indicated in Fig. 15 representatively show an 
optical path of a principal ray. 
[0297] With the projection optical system PL5, inside 
the first barrel portion 90A\ a sealed chamber S4' serv- 
ing as a first space is arranged divided by a lens holding 
mechanism H3, the concave mirror M2, a concave mir- 
ror holding mechanism HM, and the barrel 150A\ And, 
in the remaining portion of the projection optical system 
PL5, a sealed chamber S5' serving as a second space 
is arranged divided by the lens L1 1 , a lens holding mech- 
anism H1, the lens L12, a lens holding mechanism H2, 
the barrel 150B\ the bellows 77, the lens L13, and the 
lens holding mechanism H3. 

[0298] In this case, gas supply piping 61 A is connect- 
ed to the upper portion of the sealed chamber S4\ 
whereas an exhaust piping 94A is connected to the low- 
er portion of the sealed chamber S4\ In addition, with 
the sealed chamber S5\ gas supply piping 61 B is con- 
nected to the vicinity of the upper end portion, whereas 
an exhaust piping 94B is connected to the vicinity of the 
lower end portion. Therefore, low absorptive gas can be 
individually purged into the sealed chambers S4' and 
S5\ which resolves the problem of lingering gas in the 
chambers, and allows the favorable image forming char- 
acteristics of the projection optical system PL5 to be 
maintained. 



[0299] Also, in this case, in each of the chambers S4* 
and S5\ the low absorptive gas is supplied from above 
and exhausted from below in the gravitational direction. 
Therefore, in the case of using gas lighter than air such 
as helium as the low absorptive gas, the air in the sealed 
chambers can be replaced with the low absorptive gas 
evenly starting from the top to the bottom. 
[0300] Further, as the projection optical system, in the 
case of employing a reflection refraction system with the 
optical element arrangement likewise the fifth embodi- 
ment described above, the inside of the projection opti- 
cal system may be divided into four portions; a first por- 
tion including the lenses L11 and L12, a second portion 
including the right-angle mirror M1, a third portion in- 
cluding the concave mirror M2, and the fourth portion 
including the lenses L13 and L14. These portions may 
be arranged in separate barrels, and within each barrel 
a sealed chamber may be provided, and the inside of 
each sealed chamber may be purged with the low ab- 
sorptive gas individually, as is previously described. 
[0301] Or, the first portion and fourth portion may be 
arranged within a barrel at a predetermined interval, 
whereas the second portion and the third portion may 
be arranged within another barrel, and the second por- 
tion of this barrel may be inserted in between the first 
portion and fourth portion of the former barrel. 
[0302] In addition, in the fifth embodiment described 
above, within each of the barrels where the sealed 
chambers S5 and S6 are arranged, a nozzle, a gas sup- 
ply vent, and an exhaust vent corresponding to these 
parts may be arranged likewise the fourth embodiment 
described earlier, and the main controller 70 may simi- 
larly purge the low absorptive gas into the sealed cham- 
bers S5 and S6 on the initial gas replacement and the 
gas maintenance period, as in the fourth embodiment. 
In this case, the gas supply vent may be omitted, and 
only the nozzle and the exhaust vent described in the 
fourth embodiment may be arranged. Even in such a 
case, since the opening at the tip of the nozzle which 
serves as a supply opening of the specific gas is ar- 
ranged in the vicinity of the optical path of the exposure 
light EL (energy beam), the absorptive gas having the 
characteristics of absorbing the exposure light EL on 
and around the optical path can be effectively removed. 
Accordingly, the transmittance of the exposure light EL 
in the sealed chambers S5 and S6 is hardly cut off by 
the absorptive gas, therefore, the transmittance and the 
optical properties (including the image forming charac- 
teristics) of the exposure light EL of the projection optical 
system PL4 can be favorably maintained. 
[0303] In addition, in the fifth embodiment described 
above, in the case at least one specific lens among the 
lenses L1 1 to L1 4 has a flange portion on the periphery 
close to a neutral plane, the lens holding mechanism 
previously described in the first embodiment may be 
used as the lens holding mechanisms for holding the 
specific lens. When this arrangement is employed, the 
deformation occurring on the optical surface, which is 
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both edge surfaces of the specific lens in the optical axis 
direction, is reduced to a level that can be ignored, and 
it becomes possible to suppress the deterioration in the 
optical properties to the utmost. Furthermore, in the fifth 
embodiment, naturally in the case when the lens holding 
device is used as the lens holding mechanism, and even 
in the case when the lens holding device is not used, a 
control system may be arranged for controlling the spe- 
cific gas environment in the space between the adjacent 
chambers (in between either, the reticle chamber 1 5 and 
the sealed chamber S5, the sealed chambers S5 and 
S4, the sealed chambers S4 and S6, or the sealed 
chamber S6 and the wafer chamber 40) so that pressure 
difference does not occur in the space. As such a control 
system, the control system described earlier in the first 
to third embodiment can be used. In such a case, the 
optical member dividing the adjacent space (at least one 
of the lenses L1 1 to L1 4) is no longer affected by unnec- 
essary force, and it can also be protected from floating 
out of its setting. 

[0304] In addition, for example, in the first to third, and 
fifth embodiment, a nozzle, a gas supply vent, and an 
exhaust vent corresponding to these parts may be ar- 
ranged, likewise the fourth embodiment, and the main 
controller may similarly purge low absorptive gas into at 
least one of a plurality of sealed chambers on the initial 
gas replacement and the gas maintenance period, like- 
wise the fourth embodiment. In this case, the arrange- 
ment may be only the nozzle and the exhaust vent in 
the fourth embodiment. 

[0305] In this way, the first to fifth embodiment de- 
scribed above can be arbitrarily combined. 
[0306] Furthermore, in the fifth embodiment above, 
the case has been described where the housing of the 
projection optical system is configured by combining a 
lengthwise barrel portion and a transverse barrel por- 
tion, however, the present invention is not limited to this, 
and the housing of the projection optical system may be 
configured by combining a lengthwise barrel portion and 
a diagonal barrel portion. Again, in such a case, the in- 
ner space of each barrel can be effectively purged with 
the low absorptive gas using the gas supply/exhaust 
system similar to the one described in the fifth embodi- 
ment. 

[0307] Each optical device related to the present in- 
vention, orthe barrel(s) structuring the projection optical 
system related to the present invention, may be config- 
ured stacking a barrel module divided into multiple parts . 
That is, a barrel module is configured of a reflection op- 
tical element, an inner ring for holding an optical element 
such as the lens (corresponding to the holding device 
in the present invention), and an outer ring on which the 
inner ring is attached and other barrel modules are 
stacked. The barrel related to the present invention may 
also be structured by attaching a seal member in be- 
tween the outer rings, or by employing a cover. 
[0308] In addition, with each optical device related to 
the present invention, at least one of a plurality of optical 



members forming the sealed space or the space within 
the barrel is not limited only to a lens but also includes 
a parallel plate. For example, this parallel plate includes 
the parallel plate attached to the edge portion on the 
5 mask side of the illumination optical system, and the par- 
allel plate attached on both ends of the projection optical 
system. 

[0309] In each of the embodiments described above, 
the case has been described where each inner space 

10 within the projection optical system is a sealed chamber 
which is in a sealed state against the outer portion, how- 
ever, the present invention is not limited to this, and each 
of the inner space within the projection optical system 
may be a closed space (chamber) which is not in a 

15 sealed state against the outer portion. 

[031 0] In each of the embodiments described above, 
the case has been described where the pulse laser light 
source in the vacuum ultraviolet region has been used 
as the light source, such as the F 2 laser, the Kr 2 laser, 

20 the Ar2 laser, or the ArF excimer laser. The present in- 
vention, however, is not limited to this, and it is possible 
to use the KrF excimer laser light source. Also, for ex- 
ample, other than the laser beams emitted from each 
light source as vacuum ultraviolet light, a harmonic, 

25 which is obtained by amplifying a single-wavelength la- 
ser beam in the infrared or visible range being emitted 
by a DFB semiconductor laser or fiber laser with a fiber 
amplifier doped with erbium (Er)(or both erbium and yt- 
teribium (Yb)) and converting the wavelength into ultra- 

30 violet light using a nonlinear optical crystal, may be 
used. 

[0311] If, for example, the oscillation wavelength of a 
single-wavelength laser is set within the range of 1 .51 
to 1.59 urn, an eighth -ha rmonics whose generation 

35 wavelength falls within the range of 1 89 to 1 99 nm or a 
tenth-harmonics whose generation wavelength falls 
within the range of 151 to 159 nm is output. If the oscil- 
lation wavelength is set in the range of 1 .544 to 1 .553 
urn, in particular, an eighth-harmonics whose genera- 

40 tion wavelength falls within the range of 1 93 to 1 94 nm, 
that is, ultraviolet light having almost the same wave- 
length as that of an ArF excimer laser beam can be ob- 
tained. If the oscillation wavelength is set within the 
range of 1 .57 to 1 .58 pjn, a tenth-harmonics whose gen- 

45 eration wavelength falls within the range of 157 to 158 
nm, that is, ultraviolet light having almost the same 
wavelength as that of an F 2 laser beam can be obtained. 
[0312] If the oscillation wavelength is set within the 
range of 1 .03 to 1 .12 urn, a seventh-harmonics whose 

so generation wavelength falls within the range of 147 to 
1 60 nm is output. If the oscillation wavelength is set with- 
in the range of 1 .099 to 1 .1 06 urn, in particular, a sev- 
enth-harmonics whose generation wavelength falls 
within the range of 1 57 to 1 58 u,m, that is, ultraviolet light 

55 having almost the same wavelength as that of an F 2 la- 
ser beam, can be obtained. In this case, as a single- 
wavelength oscillation laser, for example, an ytteribium- 
doped fiber laser can be used. 
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[0313] As the projection optical system PL, inthecase 
of using the ArF excimer laser light source or the KrF 
exclmer laser light source as the light source, a refrac- 
tion system made up of only refraction optical elements 
(lens elements) is mainly used. In the case of using the 
F 2 laser or the Ar 2 laser as the light source, the so-called 
catadioptric system (a reflection/refraction system) be- 
ing a combination of both reflection optical elements and 
refraction optical elements (such as a concave mirror 
and a beam splitter), which details are disclosed in, for 
example, Japanese Patent Laid Open No. 03-282527 
or a reflection optical system made up of only reflection 
optical elements, are mainly used. In these cases, the 
holding device for holding an optical member related to 
the present invention can also be suitably applied as the 
holding device for holding the reflection optical element. 
In the case of using the F 2 laser light source, however, 
it is possible to use the refraction system, likewise the 
first to fourth embodiment described above. 
[0314] In addition, the material (glass material) of the 
lenses structuring the projection optical system needs 
to differ depending on the light source used. In the case 
of using the ArF excimer light source or a KrF excimer 
light source, both synthetic quartz and fluorite may be 
used. But in the case of using vacuum ultraviolet light 
source such as the F 2 laser as the light source, all the 
lenses need to be made of fluorite. However, in the case 
of using material other than fluorite, fluoride single crys- 
tal such as lithium fluoride, magnesium fluoride, and 
strontium fluoride, or a conjugate fluoride crystal of lith- 
ium - calcium-aluminum (Li-Ca-AI) or a conjugate fluo- 
ride crystal of lithium - strontium - aluminum (Li-Sr-AI) 
may be used. Or, fluoride glass made of zirconium - bar- 
ium • lanthanum - aluminum (Zr-Ba-La-AI), or an im- 
proved quartz such as quartz glass doped with fluorine, 
quartz glass doped with both fluorine and hydrogen, 
quartz glass containing the OH group, or quartz glass 
containing fluorine and the OH group may be used. 
[0315] In each embodiment above, the case is de- 
scribed when the present invention is applied to the 
scanning exposure apparatus based on the step- an d- 
scan method, however, as a matter of course, the scope 
of the present invention is not limited to this. That is, the 
present invention can also be suitably applied to the re- 
duction projection exposure apparatus based on the 
step-and-repeat method. 

[0316] In addition, as the levitation method, the wafer 
stage WST and the reticle scanning stage 1 4A may em- 
ploy a levitation method utilizing the gas flow instead of 
magnetic levitation. In such a case, the gas supplied for 
levitation is preferably the low absorptive gas referred 
to earlier in the description. 

[0317] The exposure apparatus in the embodiments 
above related to the present invention can be made by 
incorporating the illumination optical system made up of 
a plurality of lenses and the projection optical system 
into the main body of the exposure apparatus and per- 
forming optical adjustment, while incorporating the wa- 



fer stage (and the reticle stage in the case of the scan- 
ning exposure apparatus) that are made up of various 
mechanical components into the main body of the ex- 
posure apparatus, connecting the wiring and piping, as- 

5 sembling each of the partition walls configuring the ret- 
icle chamber 1 5 and the wafer chamber 40, connecting 
the gas piping system, connecting each portion to the 
control system such as the main controller 70, and fur- 
thermore, performing total adjustment (electrical adjust- 

10 ment, operational adjustment). The exposure apparatus 
is preferably made in a clean room in which tempera- 
ture, degree of cleanliness, and the like are controlled. 

- Device Manufacturing Method 

15 

[0318] A device manufacturing method using the ex- 
posure apparatus and the exposure method described 
above in a lithographic process will be described next. 
[0319] Fig. 16 is a flow chart showing an example of 

20 manufacturing a device (a semiconductor chip such as 
an IC or LSI, a liquid crystal panel, a CCD, a thin mag- 
netic head, a micromachine, or the like) . As is shown in 
Fig. 16, in step 201 (design step), function/performance 
is designed for a device (e.g., circuit design for a semi- 

25 conductor device) and a pattern to implement the func- 
tion is designed. In step 202 (maskmanufacturing step), 
a mask on which the designed circuit pattern is formed 
is manufactured. In step 203 (wafer manufacturing 
step), a wafer is manufacturing by using a silicon mate- 

30 rial or the like. 

[0320] In step 204 (wafer processing step), an actual 
circuit and the like is formed on the wafer by lithography 
or the like using the mask and wafer prepared in steps 
201 to 203, as will be described later. In step 205 (device 

35 assembly step), a device is assembled using the wafer 
processed in step 204. Step 205 includes processes 
such as dicing, bonding, and packaging (chip encapsu- 
lation). 

[0321] Finally, in step 206 (inspection step), a test on 
40 the operation of the device, durability test, and the like 
are performed. After these steps, the device is complet- 
ed and shipped out. 

[0322] Fig. 1 7 is a flow chart showing a detailed ex- 
ample of step 204 described above in manufacturing the 

45 semiconductor device. Referring to Fig. 1 7, in step 211 
(oxidation step), the surface of the wafer is oxidized. In 
step 212 (CVD step), an insulating film is formed on the 
wafer surface. In step 213 (electrode formation step), 
an electrode is formed on the wafer by vapor deposition. 

so in step 214 (ion implantation step) , ions are implanted 
into the wafer. Steps 211 to 214 described above con- 
stitute a pre-process for the respective steps in the wafer 
process and are selectively executed in accordance 
with the processing required in the respective steps. 

55 [0323] When the above pre-process is completed in 
the respective steps in the wafer process, a post-proc- 
ess is executed as follows . In this post-process, first, in 
step 2 1 5 (resist formation step) , the wafer is coated with 
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a photosensitive agent. Next, as in step 216, the circuit 
pattern on the mask is transcribed onto the wafer by the 
above exposure apparatus and method. Then, in step 
21 7 (developing step), the exposed wafer is developed. 
In step 218 (etching step), an exposed member on a 
portion other than a portion where the resist is left is re- 
moved by etching. Finally, in step 219 (resist removing 
step) , the unnecessary resist after the etching is re- 
moved. 

[0324] By repeatedly performing these pre-process 
and post-process steps, multiple circuit patterns are 
formed on the wafer. 

[0325J If the device manufacturing method in the 
present invention described so far is used, the exposure 
apparatus and the exposure method described in each 
of the embodiments above will be used in the exposure 
process (step 21 6). This allows the image forming char- 
acteristics of the projection optical system PL to be 
maintained for over a long period of time, and moreover, 
since the resolution can be improved due to the expo- 
sure light belonging to the vacuum ultraviolet region, ex- 
posure (transfer of the reticle pattern onto the wafer) can 
be performed with high accuracy for a long period. As a 
consequence, a highly integrated microdevice which 
minimum line width is around 0.1 urn can be produced 
with high yield. 

INDUSTRIAL APPLICABILITY 

[0326] As is described above, the method and the de- 
vice according to the present invention for holding an 
optical member are suitable for holding an optical mem- 
ber such as a lens with a flange portion. In addition, the 
optical device according to the present invention is suit- 
ably employed as a projection optical system of an ex- 
posure apparatus. Furthermore, the exposure appara- 
tus according to the present invention is suitable for pre- 
cisely forming a fine pattern on a substrate such as a 
wafer in a lithographic process for manufacturing a 
microdevice, as in an integrated circuit. Also, the device 
manufacturing method according to the present inven- 
tion is suitable for manufacturing a device that has a fine 
pattern. 



Claims 

1 . A method for holding an optical member, said meth- 
od holding said optical member via a flange portion 
provided on at least a part of a periphery portion 
close to a neutral plane position of said optical 
member. 

2. The method according to Claim 1 , wherein in said- 
method a plurality of points on a surface on both 
sides in an optical axis direction of said optical 
member in said flange portion is clamped with a pre- 
determined force. 



3. A holding device which holds an optical member, 
said holding device comprising: 

a holding member which one end portion in an 
5 optical axis direction of said optical member is 

insertable and supports a surface of a flange 
portion on one side in said optical axis direction 
in an inserted state, said flange portion provid- 
ed on at least a part of a periphery portion at a 
10 center position in said optical axis direction of 

said optical member; and 
a clamping member which clamps said flange 
portion with said holding member by pressuriz- 
ing a surface on a remaining side in said optical 
is axis direction of said flange portion with a pre- 

determined pressure. 

4. The holding device according to Claim 3, wherein 
said flange portion is around 5mm thick in said op- 

20 tical axis direction. 

5. The holding device according to Claim 3, wherein 
said flange portion has a thickness around 1/10 to 
2/3 times as that of a peripheral edge of a portion 

25 other than said flange portion. 

6. An optical device, said device comprising: 

a barrel; 

30 a plurality of optical members arranged within 

said barrel in a predetermined positional rela- 
tionship; and 

a holding device which holds a specific optical 
member via a flange portion provided on at 
35 (east a part of a periphery portion close to a 

neutral plane position of said specific optical 
member, said specific optical member a part of 
said plurality of optical members. 

40 7. The optical device according to Claim 6, wherein 
said specific optical member has said flange 
portion provided on at least a part of a periphery 
portion at a center position in an optical axis direc- 
tion of said specific optical member, and 

45 said holding device has a holding member 

which one end portion in an optical axis direction of 
said optical member is insertable and supports a 
surface of said flange portion on one side in said 
optical axis direction in an inserted state, and a 

so clamping member which clamps said flange portion 
with said holding member by pressurizing a surface 
on a remaining side in said optical axis direction of 
said flange portion with a predetermined pressure. 

55 8. An optical device, said device comprising: 

a barrel; 

a plurality of optical members each held in said 
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barrel and form a plurality of sealed spaces 
within said barrel; 

a gas supply unit which supplies a specific gas 
into each of said sealed spaces; and 
a control system which controls specific gas en- 
vironments in each of said sealed spaces to 
keep pressure difference from occurring in ad- 
jacent seated spaces. 

9. The optical device according to Claim 8, wherein 
said control system includes 

pressure sensors which measure pressure in 
said each of said sealed spaces, and 

a flow amount control unit which controls a 
flow of said specific gas supplied into said each of 
said sealed spaces from said gas supply unit based 
on measurement results of said pressure sensors. 

10. The optical device according to Claim 8, wherein 
said control system includes a pressure adjustment 
unit which adjusts an internal pressure to keep pres- 
sure difference in adjacent sealed spaces from oc- 
curring in both of said adjacent sealed spaces. 

11. The optical device according to Claim 8, wherein 

said specific gas is a gas with permeability to 
an energy beam, and 

at least a part of a supply opening of said gas 
supply unit which supplies said specific gas into 
said each of said sealed spaces is arranged in a 
gap made between said adjacent optical members. 

12. The optical device according to Claim 8, wherein 

a flange portion is provided on at least a part 
of a periphery portion close to a neutral plane posi- 
tion of a specific optical member, said specific opti- 
cal member at least a part of specific optical mem- 
bers among said plurality of optical members, and 
said optical device further comprises: 

a holding device which holds said specific op- 
tical member. 

13. An optical device arranged on an optical path of an 
energy beam, said optical device comprising: 

a barrel; 

a plurality of optical members arranged in a pre- 
determined positional relationship on said opti- 
cal path of said energy beam within said barrel; 
a gas supply system which has a supply open- 
ing that is arranged in said barrel, and supplies 
a specific gas having permeability to said ener- 
gy beam into a space divided by said plurality 
of optical members via said supply opening; 
an exhaust system which has an exhaust open- 
ing that is arranged in said barrel, and exhausts 
gas within said space via said exhaust opening; 



wherein 

said supply opening of said specific gas is ar- 
ranged closer to said optical path of said energy 
beam than said exhaust opening of said gas. 

5 

14. The optical device according to Claim 13, wherein 
said supply opening is arranged in a gap located 
between said optical members reciprocally adja- 
cent. 

10 

15. The optical device according to Claim 13, wherein 

a flange portion is provided on at least a part 
of a periphery portion close to a neutral plane posi- 
tion of a specific optical member, said specific opti- 
15 cal member is at least one of plurality of optical 
members, and said optical device further compris- 
es: 

a holding device which holds said specific op- 
20 tical member. 

16. The optical device according to Claim 13, wherein 

a plurality of said spaces are formed inside 
said ban-el with said plurality of optical members, 
25 and said optical device further comprises: 

a control system which controls specific gas en- 
vironments in each of said sealed spaces to 
keep pressure difference from occurring in ad- 
30 jacent spaces. 

17. An optical device arranged on an optical path of an 
energy beam, said optical device comprising: 

35 a barrel; 

a plurality of optical members arranged in a pre- 
determined positional relationship on said opti- 
cal path of said energy beam within said barrel; 
a first supplying route which is provided along 

40 with said barrel, and which has a first supply 

opening with a predetermined opening area for 
supplying a specific gas, which has permeabil- 
ity to said energy beam, into a space inside said 
barrel divided by said plurality of optical mem- 

45 bers; 

a second supplying route which is provided 
along with said barrel, and which has a second 
supply opening with an opening area smaller 
than said first supply opening which supplies 

50 said specific gas into said space; 

an exhausting route which is provided along 
with said barrel, and which exhausts outside in- 
ternal gas in said space; and 
a control unit which controls supply of said spe- 

55 cific gas into said space by selecting at least 

one of said first supplying route and said sec- 
ond supplying route, depending on a state in- 
side said space. 
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18. The optica! device according to Claim 17, wherein 
said control unit replaces said internal gas with said 
specific gas by supplying said specific gas via at 
least said first supplying route of said first supplying 
route and said second supplying route, when said 
internal gas of said space contains much absorptive 
gas which has properties of absorbing said energy 
beam. 

19. The optical device according to Claim 17, wherein 
said control unit supplies said space with said spe- 
cific gas via said second supplying route, when said 
internal gas of said space contains less of absorp- 
tive gas which has properties of absorbing said en- 
ergy beam. 

20. The optical device according to Claim 17, wherein 
said second supply opening is arranged closer to 
said optical path of said energy beam than said first 
supply opening. 

21. The optical device according to Claim 17, wherein 

said second supply opening is arranged in a 
gap located between said optical members recipro- 
cally adjacent, and 

said control unit supplies said space with said 
specific gas via both said first and said second sup- 
plying routes, when said internal gas of said space 
contains much absorptive gas which has properties 
of absorbing said energy beam. 

22. The optical device according to Claim 17, wherein 

a flange portion is provided on at least a part 
of a periphery portion close to a neutral plane posi- 
tion of a specific optical member, said specific opti- 
cal member is at least one of plurality of optical 
members, and said optical device further compris- 
es: 

a holding device which holds said specific op- 
tical member. 

23. The optical device according to Claim 17, wherein 

a plurality of said spaces are formed inside 
said barrel with said plurality of optical members, 
and said optical device further comprises: 

a control system which controls specific gas en- 
vironments in each of said sealed spaces to 
keep pressure difference from occurring In ad- 
jacent sealed spaces. 

24. An optical device arranged on an optical path of an 
energy beam, said optical device comprising: 

a first barrel portion which extends in a direction 
intersecting a gravitational direction, in which a 
first space is formed inside; 



a second barrel portion which is connected to 
said first barrel portion and extends in said 
gravitational direction, in which a second space 
is formed inside; and 
5 a first and second gas supply/exhaust systems 

which are arranged individually for said first 
space and said second space, said systems 
purging a specific gas having permeability to 
said energy beam. 

10 

25. The optical device according to Claim 24, wherein 
when said specific gas is a gas which relative den- 
sity is lighter than air, gas supply openings of said 
first and second gas supply/exhaust systems are 
15 arranged in the upper portion of said gravitational 
direction in each of said spaces, whereas gas ex- 
haust openings are arranged in the lower portion of 
said gravitational direction in each of said spaces. 

20 26. The optical device according to Claim 24, wherein 
said optical device has a mirror with a first re- 
flection surface on which said energy beam is re- 
flected and a concave mirror which reflects said en- 
ergy beam reflected off said first reflection surface 

25 onto a second surface of said mirror that are ar- 
ranged in either one of said first space and said sec- 
ond space in any one of an individual and simulta- 
neous manner, and 

in a space where said mirror is arranged, said 

30 specific gas that has a higher purity level compared 
with that of other spaces is purged via a predeter- 
mined gas supply/exhaust system of said first and 
second gas supply/exhaust systems. 

35 27. The optical device according to Claim 26, wherein 
in said space where saidmirror is arranged, a gas 
supply opening of said specific gas is arranged in 
the vicinity of saidmirror. 

40 28. The optical device according to Claim 24, wherein 
inside at least one of said first and said second bar- 
rel portion said optical device comprises: 

a plurality of optical members arranged in a pre- 
45 determined positional relationship; and 

a holding device which holds said specific op- 
tical member via a flange portion provided on 
at least a part of a periphery portion close to a 
neutral plane position of a specific optical mem- 
50 ber, said specific optical member is at least one 

of plurality of optical members. 

29. The optical device according to Claim 24, wherein 
said first space and said second space are re- 
55 ciprocally adjacent, and said optical device further 
comprises: 

a control system which controls specific gas en- 
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vironments within said each of said spaces to 
keep pressure difference from occurring in said 
first space and said second space. 

30. The optical device according to Claim 24, wherein 
at least one gas supply opening of said specific gas 
of said first and second gas supply/exhaust sys- 
tems is arranged closer to said optical path of said 
energy beam than a remaining gas supply opening 
of said specific gas. 

31. The optical device according to Claim 24, wherein 

at least one of said first and second gas sup- 
ply/exhaust systems has a first supplying route 
which has a first supply opening with a predeter- 
mined opening area for supplying a specific gas, a 
second supplying route which has a second supply 
opening with an opening area smaller than said first 
supply opening which supplies said specific gas, 
and an exhausting route which exhausts outside in- 
ternal gas in a space subject to purge; and 

a control unit which controls supply of said 
specific gas into said space by selecting at least one 
of said first supplying route and said second sup- 
plying route, depending on a state inside said space 
subject to purge. 

32. An exposure apparatus that transfers a pattern of a 
mask onto a substrate via a projection optical sys- 
tem, said exposure apparatus comprising: 

an optical device according to Claim 6 as a pro- 
jection optical system. 

33. An exposure apparatus that illuminates a mask on 
which a pattern is formed with an energy beam and 
transfers said pattern onto a substrate via a projec- 
tion optical system, said exposure apparatus com- 
prising: 

an optical device according to Claim 8 as a pro- 
jection optical system, wherein 
said specific gas is a gas having permeability 
to said energy beam. 

34. An exposure apparatus that exposes a substrate 
via an optical system and a mask with an energy 
beam and transfers a pattern formed on said mask 
onto said substrate, said exposure apparatus com- 
prising: 

an optical device according to Claim 13 ar- 
ranged on an optical path of said energy beam 
from said mask to said substrate. 

35. The exposure apparatus according to Claim 34, 
wherein said exposure apparatus further comprises 
a scanning unit which scans said mask and said 



substrate synchronously with respect to said ener- 
gy beam during exposure of said substrate. 

36. An exposure apparatus that exposes a substrate 
5 via an optica! system and a mask with an energy 

beam and transfers a pattern formed on said mask 
onto said substrate, said exposure apparatus com- 
prising: 

10 an optical device according to Claim 1 7 as said 

optical system. 

37. The exposure apparatus according to Claim 36, 
wherein 

15 said second supply opening is arranged in a 

gap between adjacent optical elements structuring 
said optical system, and 

said control unit supplies said specific gas into 
said space via both said first supplying route and 

20 said second supplying route on initial gas replace- 
ment. 

38. An exposure apparatus that irradiates an energy 
beam on a mask and transfers a pattern formed on 

25 said mask onto a substrate, said exposure appara- 
tus comprising: 

an optical device according to Claim 24 ar- 
ranged on an optical path of said energy beam 
30 from said mask to said substrate. 

39. The exposure apparatus according to Claim 38, 
wherein 

said optical device has a mirror having a first 
35 reflection surface and a second reflection surface 
and a concave mirror, and said energy beam emit- 
ted from said mask is reflected off said first reflec- 
tion surface of saidmirror toward said concave mir- 
ror whereas said energy beam reflected off said 
40 concave mirror is reflected off said second reflec- 
tion surface of said mirror toward said substrate, 
and 

in a space where said mirror is arranged, said 
specific gas that has a higher purity level compared 
45 with that of other spaces is purged via a predeter- 
mined gas supply/exhaust system of said first and 
second gas supply/exhaust systems. 

40. A device manufacturing method including a litho- 
50 graphic process, wherein in said lithographic proc- 
ess exposure is performed using said exposure ap- 
paratus according to any one of Claims 32 to 39. 
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The special technical feature common to the inventions of claims 1-7, 32, 40 
is to 'hold the optical member through a flange part provided at least to part of the 
periphery of the optical camber near the neutral plane of the optical member" . Therefore 
the inventions ore so linked as to form a single general inventive concept. 

The special technical feature of the invention of claim 8 is to • comprise a 
lens barrel , an optical member and a control system for controlling the gas environment* . 

The special technical feature of the inventions of claim 13 is to "comprise 
a lens barrel, an optical member, a gas supply system, and an exhaust system and to 
dispose a gaa supply port nearer to the optical path of an energy beam than an exhaust 
port". 

The special technical feature of the invention of claim 17 is to "comprise 
a lens barrel, an optical member, a first supply passage having a supply port for supplying 
gas, a second supply passage having a second supply port the area of opening of which 
is smaller than that of the first supply port, an exhaust passage, and a controller 
for controlling the supply of gas by selecting at least one of the first and second 
supply passages. 

The special technical feature of the invention of claim 24 is that an optical 
device disposed in the optical path of an energy beam comprise a first lens barrel 
extending in the direction of gravity, a second lens barrel extending in the direction 
of gravity and having a second space therein, and first and second supply/exhaust systems 
for purging a specific gas". 

As stated above, the inventions of claims 8, 13, 17, 24 involve the respective 
independent special technical features and there are no special technical features 
involved in the inventions of claims 1-7, 32, 40. 

Therefore the group of inventions of claims 1-7, 32, 40, the invention of claim 
8, the invention of claim 13, the invention of claim 17, and the invention of claim 
24 are not united into one invention nor bo linked as to form a single general inventive 
concept and are separate inventions. 

The inventions of claims 9-12, 14-16, 25-39 are related mixedly to inventions 
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